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l. 195 IgM, 75 IgM, and IgG were purified from the 
serum of Trypanosoma eguiperdum infected rabbits. 
The following antisera were also prepared for the 
quantitation of rabbit IgM and IgG: 
i goat anti rabbit IgM antiserum 
ii goat anti rabbit IgG antiserum 
iii goat antiserum to rabbit serum proteins.• 
2. The serum levels of 195 IgM, measured by gel diffusion 
and rocket immunoelectrophoresis were shown to increase 
approximately ten times at the peak of the Trypanosoma 
eguiperdum infections in the rabbit. The serum IgG. 
concentrations, measured by gel diffusi~n increased 
more than seven times.aver the infection period. Low 
molecular weight 75 IgM was also detected in the serum 
by rocket immunoelectraphoresis and quantitative gel 
diffusion, but accurate concentration determinations 
could not be made. 
3. Rheumatoid factors were not detected by passive 
haemagglutination and latex fixation tests, despite 
. 
the use of a variety of sensitizing globulins. 
These results failed to confirm earlier reports of the 
presence of rheumatoid factors in infected rabbits 
4. After separation of the 75 and 195 fractions by 
density gradient centrifugation, both fractions were 
found by complement fixation to contain anti 
trypanosome antibodies. These antibodies were also 
detected by immunofluorescence in the serum and 75 
fractions, and by agglutination in the 195 fractions. 
5. The 195 fractions also contained complement fixing 
antibodies reacting with the tissue antigens of 
rabbit liver, heart and kidney. Maximum titres of 
1 ;ao - 1 /160 were found at the peak of the infection. 
Absorption of the rabbit sera with trypanosomes 




Trypanosome infections of man and animals are characterised 
by a large and persistent increase in the level of 
serum IgM (Masseyeff and Lamy 1966, Houba et al 1969, 
Seed et al 1969), and in the production of au~oantibodies 
(Mackenzie and Boreham 1974). The cause and biological 
significance of the raised IgM levels are still unknown, 
but it has been suggested that this persistent 
macroglobulinaemia is the result of seq~ential antigenic 
variation in the variant antigens of the parasites. 
Each successive antigenic variant could therefore, be 
expected to stimulate the production cf new specific 
IgM antibody (Seed et al 1969). There is little 
evidence to support this hypothesis, a.s only a small 
proportion of the IgM has -been shewn to be specific for 
trypanosomal antigens (Masseyeff 1969}. 
Recently a low molecular weight.variant of lgM (75 IgM) 
has been detected in the sera of patients with African 
trypanosomiasis, (Klein et al 1967) as well as in the 
sera of rabbits infected with T. eguiperdum (Fromme! et al 
1970). Low molecular weight lgM has also been observed 
in normal human cord sera (Masseyeff et al 1972). 
Few studies on the IgM levels in experimental and African 
trypanosomiasis have, however~ included a study of t~e 
low molecular weight IgM, and no accurate concentration 
determinations have been made. 
• •••• 2/ 
2. 
The cause of 75 IgM production is still undetermined, but ~t 
is thought that low molecular weight IgM occurs as a result 
of the explosive IgM production (frommel et al 1970), rather 
than as a result of IgM (195) denaturation (Stobo and Tomasi 
1967}. The specificity and biological role of 75 IgM are 
still not known. 
In addition to the low levels of anti-trypanosome antibodies 
found in African trypanosomiasis, the 195 IgM fraction has 
also been shown to contain heterophile antibodies and various 
autoimmune antibodies. The autoimmune antibodies in 
T. gambiense, T. brucei and T. congolense infections of 
autoimmune resp6nse in T. eguiperdum infections have been 
carried oute 
One other group of autoantibodies of considerable interest 
are the rheumatoid factor-like substances which Klein and 
Mattern (1965), reported to be present in a small proportion 
of patients with trypanosomiasis.· Their initial observations 
were later extended to experimental trypanosomiasis in the 
rabbit (Klein et al 1970) which led to the suggestion that 
the occurrence of Iheumatoid factors in rabbits infected 
with Trypanosoma eguieerdum might form the basis of a model 
for investigating the nature of rheumatoid factor formation 






Rheumatoid factors have not been detected, however, in 
mice infected with T. gambiense, T. rhode siense and 
T. brucei (Houba et al 1969, Klein et al 1971). 
The research outlined in this thesis was undertaken to 
test the validity of the suggested model of rheumatoid 
factor induction in T. equiperdum of the rabbit, to 
measure the specificity of. the 195 IgM and to establish 
whether there is an autoimmun~ response towards tissue 





A. GENERAL CHARACTERISTICS OF TRYPANOSOMES. 
The recent understanding of mammalian trypanosomes owes 
much to investigations triggered by their role as causative 
agents of severe diseases of man and domestic animals. 
These include 
1) human trypanoso~iasis - sleeping sickness in 
tropical Africa and Chaga's disease in the 
Americas, and 
2) animal trypanosomiases - Nagana in tropical 
Africa, Surra in Africa North of the Sahara, 
tropical and sub-tropi~al Asia, central and South 
America, and Dourine, which has a cosmopolitan 
distribution. 
I. The Classification of Trypanosomes. 



















a) Stercoraria. This section comprises those species in 
which the developmental cycle in the insect vector is 
in the hindgut. Transmission is contaminative 
eg T. cruzi the causative agent of Chaga's disease. 
b) Salivaria comprising those species in which the 
development cycle in the insect vector is completed 
in the anterior portion of the gut. Transmission is 






Duttonella eg T vivax 
Nannomonas eg T congolense 
Pycnomonas eg T suis 
Trvpanozoon eg r brucei, T gambiense, 
T rhodesiense, and T eguigerdum. 
The species of Trypariozoon are responsible for 
~t- o..L 
African trypanosomiasis and DouDne (Lumsden 197,J'). 
"" 
In the genus Trypanosoma the following developmental 




iv sphaeromastigote, and 
v trypomastigote. 
The trypomastigotes are the typical forms occurring in 
the blood of their vertebrate hosts. 
2. Morphology of Trypomastigote Form of Tryoanosomes. 
Trypomastigote forms have an elongated body with a 
5. 
posteriorly placed kinetOsome which is also known as 
the basal body a f the flc:gellum. (Fig. l). 
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Fig. 1. Diagram of the ultrastructure of the trypomastigote 
form~Trvpanosoma brucei. Fl, flagellum; UM, undulating 
membrane; ER endoplasmic reticulum: G, Golgi apparatus: 
L, lysosome: R, reservoir: BB basal body or kinetosome: 
K, kinetoplast; M, mitochondrion; Mt, microtubules; 
n, nucleolus; N, nucleus. The trypomastigote form has a 
cell volume of 50 ,IA-m 3 • (White J.973}. 
This is partly intracellular and partly extracellular_ 
since it projects into the reservoir from which the 
flagellum emerges. The flagellum is attached to the 
trypanosome along its length by a physical association 
between the f lagellar membrane and the cell membrane. 
A system of microtubules lies beneath the surface 
membrane and extends from one end to the other 
parallel to the surface. Adjacent to the basal body 
is the kinetoplast, a DNA containing structure, 
sometimes regarded as "Mother mitochondrion" since 
it contains the genes for mitochondrial enzyme 
synthesis. Other cytoplasmic structures eg Golgi 
apparatus, lysosomes, ribosomes and endoplasmic 
reticulum are similar to those of mammalian cells. 
3. Life Cycles of Tryeanosomes. 
7. 
The life cycles of trypanasome species vary considerably. 
Most have one stage in a vertebrate and another in-an 
invertebrate host, although some species are restricted 
to either vertebrates or invertebrates. There-is a 
striking difference between Stercorali.a and Salivarian 
species in the multiplication pattern. In the 
Stercor~a multiplication is discontinuous, being 
limited to a reproductive period or occurring periodical!~ 
The Salivaria, on the other hand, have no special 
reproductive period, and multiply more or less 
continuously throughout the infection. 
4. Host - Parasite Relationships. 
Trypanosomes infecting mammals can be divided into 
patho~enic and non-pathogenic groups according to 
whether or not the infection produce~ recognizable 
disease and pathological changes in the host. Most 
of the Stercorarian species, with the e~ception of 
T. cruzi are non-pathogenic, whereas Salivarian species 
are all potentially pathogenic to man and domestic 
animalso Since pathogenicity indicates poor adaptation 
between host and parasite and suggests that their 
association is recent, it is thought that the 
Stercorarian group is phyloge~tically older than the 
~ 
Salivarian groupo This idea is substantiated by the 
fact that Stercorarian species have a highly restricted 
host range and adapt with difficulty to foreign hosts. 
B. CHARACTERISTICS OF TRYPANOSOMA EQUIPERDUM. 
As the work outlined in this thesis was carried out using 
T. eguiperdym a discussion of its ess~ntial characteristics 
follows. 
1. Classification and Distribution. 
T.eguiperdum belongs to the subgenus Trvpanozoon of 
the group Salivaria and is the causative agent of the 
veneral disease of equines, or Dourine, which was first 
described by a Byzantine veterinarian in AD 400. 
Dourine was well-known to horsemen of Africa at this time, 
but it was introduced to Europe and elsewhere much later 
with the spread of imported equines. Thus with the 
introduction of Persian stallions to Russia, and Syrian 
stallions to France, Dourine was introduced into Europe. 
The disease is now also prevalent in South Africa, South 
West Africa, Botswana, and in South America in Chile, 
Venezuela and Brazil. 
8. 
9. 
2 •. Morphology and Life Cycle. 
The structure of T eguiperdum. is similar to that 
already described apart from the fact that the trypomastigotes 
of this species are more slender and possess a long free 
flagellum. T eguiperdum also has a tendency to produce 
dystkinetoplastic strains, ie. strains in which the 
kinetoplast has lost ita DNA. 
T eguiperdum has no invertebrate host and therefore 
no cyclic developm~nt. The trypanosome is normally 
transmitted by coitus and ~eproduces within its host 
by binary f issicn. T eguiperdum differs further from 
other mammalian trypancsomes in that it is primarily a 
tissue parasite, which rarely invades the bloodstream, 
only doing so en route to infect fresh tissues. 
3. Host - Parasite Relationship. 
The trypanosomes develop in the genital tract of the 
recipient horse immediately after their transmission, 
although the first symptoms only appear up to four months 
later. Oedematous patches first appear in the genital 
tract, and later after the parasites have passed into the 
bloodstream, urticarial plaques appear in the skin in 
various parts of the body. The trypanosomes then proliferate 
in the plaques and remain in the subcutaneous tissues. 
The later stages of Dourine are characterized by anaemia 
and nervous disorders, chiefly paralysis in the hind 
limbs. The duration of the disease varies from a few 
months to five years. 
10. 
Since T. eguiperdum is primarily a tissue parasite its 
establishment in the blood of laboratory animals presents 
· much difficulty •. Murine rodents can be infected from horses 
only after hundreds of unsuccessful attempts or by first 
inoculating splenectomized animals. Once the strain becomes 
adapted to these animals, however, it can be passaged for 
indefinite periods. Trypanosomes first appear in the blood 
of mice after two days, ~nd death occurs after three ta four 
days. Rabbits, however, manifest typical Dourine symptoms 
after two weeks, and die four to five weeks after inoculation. 
Attempts to infect domestic ruminants with T eguiperdum 
produces low or inapparent parasitaemia, while in pigs the 
infection is latent. No cases of human infection with 
T. eguiperdum have· been reported. 
C. IMMUNOLOGY OF AFRICAN ANIMAL TRYPANOSOMIASIS 
(SALIVARIAN GROUP). 
Interest in the immunology of trypanosomiasis first . 
developed at the beginning of the twentieth centu;y when 
many of the ba~ic principles of immunology were being 
elucidated. The immunology of trypanosomes is difficult to 
study for the following reasons: 
l. There is little natural immunity, 
2. Recovery from virulen~ infections is rare. 
3. There is great multiplicity of trypanosome species, and 
4. considerable antigenic variation exists within a species. 
Extensive iesearch is at present being carried. out on the 
immunological aspects listed below, with a view to improving 
understanding of the course of the disease and facilitating 
the diagnosis. The Ultimate aim is prevention of trypanoso-
miasis. 
12. 
This was produced by the Golgi derived reticulum of 
the trypanosomes. (Steiger 1973). Since the coat 
proteins prepared from different clones of one strain 
of T. brucei differed in composition, it now seems 
likely that the coat protein itself is the variant 
antigen. Furthermore, immunizing mic·e with the 
purified coat glycoprotein leads to protection 
against subsequent infections with living trypanosomes 
of the same clone (Cross 1975). 
(ii) The group of exoantigens includes those antigens not 
attached to the cell, i.e. soluble or free antigens. 
af 
These antigens have properties similar to those variant 
(' 
antigens, and in 1971 Allsopp et al provided evidence 
that variant antigens and exoantigens are chemically 
identical. Since it can be argued that soluble or 
exoantigens may only occur in vitro as a result of 
disintegration of the parasites-and may not be 
present in vivo, it may be prefer ~ble to group the 
"" 
variant ant~gens and exoantigens together. 
(iii) Common antigens are those~antigens within the cell, 
consisting of cytoplasmic and nuclear components. 
They appear to remain unchanged during the course of 
the infection, and are released at the peak of each 
µarasitaemic wave. Common antigens elicit antibodies 
detectable by complement fixation, agglutination and 
immunofluorescence, and are as a rule typical of, bui 
not specific for each species. 
13. 
b) Antigenic Variation. 
Although it is well-known that antigenically 
distinct trypanosome variants appear in succession 
during an infection, a feature which is typical of 
trypanosoma species, little is known concerning the 
cellular control of this antigenic· variability. 
·cantrell in 1958 suggested a random mutation 
mechanism, taking place independently of external 
stimuli. The main objections to this theory are 
that for a given strain of trypanosomes, antigenic 
variation occurs according to a predictable pattern 
(Gray 1962) and that there is frequent reversion to 
the basic antigenic type. (Gray 1965). 
Gr~y in 1965, proposed a cell-organised process of 
antigenic variation, which would, of course, explain 
any regularity in the production of variants. 
However this did not explain why only a few trypano-
somes in each population are capable ·cf using a 
genetically controlled device to escape the defence 
mechanism of the host. Another complication in this 
process was the finding by McNeillage et al (1969) 
that after single ~rganisms have been inoculated into 
an animal the first relapse population contained more 
than one antigenic type at the same time. 
If different variants are present simultaneously in 
the host, why is there a clear-cut interval bet~een 
episodes of parasitaemia? 
14. 
De Raadt {1974) suggests that the explanation depends on 
biological eompetitiveness: If one accepts that each strain 
of trypanosome has a certain spectrum of variants, then it is 
possible that, at any one time, one variant predominates over 
the others. The latter variant is suppressed, until the host 
has removed the virulent variety. At this stage, the next most 
virulent variety may become dominant, resulting in the next 
· wave of parasitaemia. In this way the various antigenic types 
would appear in the order of virulence. This is consistent 
with the "regularity" of the variation cycle, with the 
occasional occurrence of a stable or parent antigenic form 
and with the anticipated omission of a variant in animals 
immunized against that variant. De Raadt further suggests 
that virulence is coupled with random mutation although it is 
generally felt by other authors that the spectrum of variants 
is too well-defined to have been produced as a result of 
random mutation. 
Desowitz (1970) has proposed that antigenic variation could 
result from a cell-independent immunochemical reaction 
taking place at the cell surfacep as a part of the antigen-
antibody reaction~ This theory is currently favoured (Cross 
1975) despite the difficulty of explaining the occurrence of 
mixed populations of trypanosome variants. 
To date most of the hypotheses are supported by inconclusive 




2. Immunization Methods. 
Natural immunity to trypanosomes is e'ssentially dependent 
upon the speclficity of the host-parasite relationsbips, and 
as such is of limited importance in the course of infections 
of a parasite in its natural host. There are, however, cases 
of human carriers of sleeping sickness in whom natural 
immunity must occur, and similarly there are certain animal 
hosts naturally resistant to infection,eg baboons are immune 
to all pathogenic trypanosomes (Hoare 1972). 
Attempts to produce immunity in animals have included both 
active and passive immunization methods. Active immunization 
was first carried out with limited success by injecting animals 
with dead or formal-inactivated trypanosomes (Soltys 1964). 
Gamma irradiation of parasites, which interferes with their 
multiplication, has proved to be more successful 
(Duxbury and Sadun 1969, Duxbury et-al_l972). Other 
trypanosome inactivation methods have i~cluded Actinomycin D 
inactivation (Fernandes et al 1965,} and Chagastoxin 
r 
treatment of trypanosomes {Seneca et al 1966). 
A high level of general immunity has not yet been achieved 
probably due to antigenic variation of trypanosomes, 
multiplicity of trypanosome species and variant specificity of 
protective anti-trypanosome antibodies. The problem of 
antigenic variation could explain the unsuccessful immunization 
attempts made using dead trypanosomes as the immunogen. and the 
greater success using injections of live trypanosomes followed 
by treatment of the animal with trypanocidal drugs. 
(Soltys 1955, Whiteside 1962). The latter immunization 
attempts/ •••• 
attempts, although successful in the laboratory, would be 
unsuitable for general immunization campaigns, because of 
the possibility of a widespread dissemination of drug 
resistan~e in trypanosoma species. 
Passive immunization has been carried out successfully in 
laboratory animals by immunization with either spleen cells 
,,.. A.I 
from immune donors (Takayanagi 1969, Viens et al 1974), 
. A. 
thymic cells (Takayanagi and Nakatake 1976}, or immune sera 
(Seed and Gam 1966,Takayanagi 1971}. 
3. Pathological Effects of Trvpanosomes. 
16. 
Despite the medical importance of trypanosome infections, 
little is known on the rre chanisms of its pathogenesis - even 
the cause of death is still not known~ Many of the studies on 
the pathological effects of-trypanosomes have been carried out 
on T. brucei, a species which lives in the blood, lymph, 
cerebrospinal fluid, brain and connective tissues of the 
infected animal. Although their movement is unceasing there is 
no evidence that the activity of the trypanosomes is in itself 
damaging to the tissues of the host. However the demand for 
energy and the activation of the immune response involving 
plasmin formation, the release of kinins (8or~hatttl.968} and the 
deposition of immune complexes are all potentially harmful 
(Goodwin 1974). Furthermore, there is a marked suppression 
of cell mediated immune responses resulting in increased 
susceptibility to bacterial and viral infections. 
Goodwin et al (1973), have shown an increase in pyruvate 
concentrations i~ the tissue fluids, which is associated with 
changes in the connective tissue such that the fibroblasts 
become laden with lipid droplets and cease to produce collagen 
fibres. Skeletal and heart muscle have also been found to 
/ 
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degenerate in T brucei infected animals. In the T gambiense 
infected rabbits, ~n elevation in the total serum lipids has 
been observed (Diehl and Risby 1974). Another major 
contributory cause of death in T brucei infections of murines 
appears to be hypoglycaemia (Herbert et al 1975). The 
possible damage caused by the host's immune· reaction to the 
trypanosomes will be outlined in the following sections. 
Work on the pathological effects of trypanosomiasis has also 
been carried out on T congolense, a species typical of those 
living entirely in the circulatory system. In this case 
accumulation of trypanosomes in the cerebral blood vessels 
and blood vessels of other selected organs, and anaemia 
appeared to be the main pathogenic factors. (Loses et al 1973). 
4. Immun6logical Response t6 Trypanosome· Infections. 
The immunological phenomena that occur in man and 
animals on infection with those trypanosomes belonging to the 
sub-genus _Trypanozoon, h~ve been the subject of many papers 
and an extensive review of the immunological aspects of 
trypanosomiasis will be presented in the following section. 
a) IqM and IgG Immunoglobulin Concentrations. 
The most characteristic feature of the humeral 
response is the prolonged increase in the concentra-
tion of IgM in the sera of trypanosome infected 
patients; This was first observed by Mattern et al 
(1961). Confirmation of the increaseaigM levels was 
made in 1966 by Masseyeff and Lamy using the 
technique of single radial immunodiffusion. The IgM 
levels reached a maximurrjof five times that of the 
normal controls, and lgG level one and a half times 
th9t "f11 ul 
ia. 
that of the normal controls while the IgA remained 
normal or was slightly reduced. The lg~ 
concentration has also been reported to be raised 
in the C.S.F. of patients with either T rhodesiense 
or T gambi~nse infections (Mattern 1964, 
Mattern et al 1967, Geidl and Ma~saan 1974). 
Similarly elevated IgM levels have been found in 
mice infected with T. gambiense by the techniques of 
immunoelectrophoresis, double diffusion and radial 
immunodiffusion. (Takayanagi and Enriquez 1973, 
Capbern et al 1974), and in calves infectac{with 
T vivax (Clarkson et al 1975). 
In all these trypanosome infection~ tha IgG 
concentration was also increased, the titre rising 
almost simultaneously with the lgM increase. 
Seed et al (1969) infected rabbits with T gambiense 
and observed IgM levels four to eight times the 
normal level, eight days after infection, and an 
eight to sixteen fold increase by eighteen daysa 
The IgM then reached a plateau and remained at this 
level for as long as one hundred and seventeen days. 
Determinations of the IgM concentration were made 
by double diffusion against goat-rabbit IgM serum. 
Rabbits infected with T eguiperdum also exhibit similar 
IgM patterns (Klein et al 1970). The IgM th(.(".et:\.,!;.?c\. in 
concentration from a basal 1.mg/ml to a maximum of 
8.6 - 11.3 mg/ml at day 25. Indirect determinations of the 
IgM concentration were made, however by subtracting the ~ 
macroglobulin content from the total macroglobulin 
calculated from the 195 Schlieren peaks. IgG determined 
by radial immunodiffusion was increased from lOmg/ml to 
43mg/ml at day 25,the increase occurring slightly later 
in the infection period than that of the IgM. The increase 
in IgM concentration was correlated with the appearance of 
rheumatoid factors. 
19. 
Several hypotheses have been put forward to account for the 
prolonged increase in lgM concentrations. First the continual 
antigenic variation of-the.trypanosomes-during the course of 
the infection could result in the synthesis of new IgM 
antibodies specific to each successive antigenic variant 
(Seed et al 1969, Capbern et al 1974}. This, however, 
cannot be the only explanation, since little of the IgM 
appears to be directed towards the variant antigens of 
the trypanosomes {Masseyeff 1969). Another hypothesis 
is the blocking of the IgM to lgG switching mechanism, 
perhaps by a trypanosome-induced inhibitor (Geidl and Marsden 
1974} or by defective B cell control (Terry et al 1973). 
-· 
The pathological importance of the raised IgM 
concentrations is not known although it has been 
suggested that since they are large molecular weight 
proteins, they may upset the osmotic balance within 
the circulation, contribute towards an increased 
blood viscoscity and cause an increased 
erythrocyte sedimentation rate. {Boreham and facer 
1974}e 
b. Quantitation of IgM 
20. 
Quantitation of IgM in the sera from trypanosome 
infected humans or animals has been carried out by 
either serological techniques such as radial 
immunodiffusion (Masseyeff and Lamy 1966, Klein et al 
1970, Capbern et al 1974) and double diffusion 
(Mattern et al 1961, Seed et al 1969) or by 
biophysical techniques such as analytical ultra-
centrifugation (Mattern et al 1967, Klein et al 1970). 
In radial immunodiffusion,antiserum to the IgM is 
incorporated into the agar,and diffusion of the 
IgM occurs radially from the antigen well. 
Klein et al (1970) reported difficulty with this 
technique since by platting the square of the 
diameter of the precipitin ring against serum 
dilution of the various rabbit sera, the lines did 
not intersect the vertical axis at the same point. 
Such problems were not reported by Masseyeif and 
Lamy (1966), Capbern et al (1974). 
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The alternative serological method - double diffusion in 
agar is a technique whereby twofold dilutions of the 
test sera and a suitable dilution of anti-IgM serum 
diffuse from two parallel rows of wells. Precipitin 
bands are formed and the IgM titre is the last twofold 
dilution of the test serum to form a precipitin band with 
the antiserum. 
IgM concentrations have also been determined in the 
analytical ultracentrifuge by measuring the area of 
Schlieren peaks correspond~ng to 195 components 
(Mattern et al 1967), and correcting for the presence of 
~ macroglobulin (Klein et al 1970). 
The antisera that have been used for the. quantitation 
of human IgM were in most cases prepared in horses, 
(Aattern et al 1961, Masseyeff and Lamy 1966), while fbr 
mouse IgM the antisera were prepared in rabbits 
(Takayanagi and Enriquez 1973). Anti rabbit IgM sera 
were prepared in goats (Seed et al 1969) or sheep 
(Klein et al 1970). lgM used for immunization was 
purified by a combination of gel filtration and either 
starch block electrophoresis (Klein et al 1970}, or 
sucrose density gradient centrifugation (Seed et al 1969). 
IgH antisera were absorbed with purified rabbit 
ct... macroglobulin and fl lipoprotein. 
Considerable difficulty is experienced in the 
purification of rabbit IgM owing to contamination with 
~ macroglobulin. lll2 macraglobulin is similar to IgM 
in size ••• / 
22., 
in size, and in neutral salt solubility. Removal of this 
contaminant requires exhaustive gel filtration or a 
combination of gel filtration and preparative electrophoretic 
techniques. ~JT!acroglobulin is highly antigenic and complete 
removal is necessary for the preparation of a /A' chain speci fie 
antiserum. Absorption of antibodies to ot;.macroglobulin from 
an IgM antiserum is equally difficult since it requires a 
purified ot,.macroglobulin preparation. 
c. Nature of the IgM. 
When serum IgM concentrations were determined by immune-
diffusion, the values were higher than when determined by 
ultra centrifugation {Mattern et al 1967, Soloman 1969). 
-..J 
Klein et al (1967) proposed that this discrepancy was due 
to the fact that some of the sera contained ~ low molecular 
weight IgM in addition to the pentameric form. Confirmation 
of this proposal was made by Jones (1970), who detected 
discrepancies between serum IgM concentrations determined 
by immunoelectrophoresis and immune diffusion. Monomeric 
-..J 
75 IgM was first found in patients with lupus er~thematosis 
(Rothfield et al 1965), and since then it has been found in 
patients suffering from the following diseases:- malignancy 
of plasma cell or lymphatic systems (Solomon and Kunkel 1967, 
Solomon 1969, Dammacco et al 1970), type I disgammaglobulinaemia 
(Gleich et ai 1966), Waldenstrom's macroglobulinaemia, (Stobo 
and Tomasi 1967, Bush et al 1969, Eskeland and Harboe 1973}, 
rheumatoid arthritis (Stage and Mannik 1971, Los Palluto 1968) 
"'-./ 
and trypanosomiasis (Klein et al 1967, Frommel et al 1970, 
Masseyeff et al 1972). 
75 IgM has also been observed in normal human cord 
sera (Perchalski et al 1968, Sta~ta - Geribaldi and 
Masseyeff 1975), and in an extremely lo~ proportion 
of normal African ~dult sera {Masseyeff et al-1972) 
and even in horse serum {SaDdor et al. 1964). 
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This naturally occurring. low molecular weight IgM (IgMN) 
is_similar in size to in vitro produced monomers (IgM5 ) 
and appears to have the same antigenic determinants 
when tested by double diffusion (Stobo and Tomasi 1967~ 
Swedlund et al 1968, Masseyeff et al 1972). It does, 
however, have a larger negative charge than IgM5 or 
pentameric IgM, and this results in anodal extensions 
of the IgM immunoelectrophoretic precipitin Lines 
{Hansson and Laurel! 1970j Masseyeff et al 1972}. 
Methods for the detection and quantitation of IgMN have 
varied from double diffusion in 4% acrylamide gel 
(Stobo and Tomasi 1967), or 3.5% acrylamide plus 0.6% 
agarose {Masseyeff et al 1972), ~o the separation of 
195 and 75 IgM by sucrose density gradient~centrifugation 
or gel ~.~iltration follo~ed by radial immuno-
diffusicn against an anti- IgM serum (Bush et al 1969). 
An alternabv~ separation method based on differential 
precipitation with pclyethyleneglycol has recently 
been developed(Houba and Lambert 1974). 
24. 
Attempts to qu~ntitate the IgMN have been made in 
at least two diseases - Waldenstrom's macroglobulinaemia 
and experimental trypanosomiasis in rabbits. In the 
former case IgMN appeared to range from 10 - 451 of 
the total IgM (5tobo and Tomasi 1967, B~sh et al 1969), 
whereas in the latter case satisfactory quantitation 
was not achieved. Estimates of IgMN content were, 
however, made at approximately 5% of the total IgM 
in the trypanosome sera (Fromme! et al 1970). 
Neither the significance of this IgMN, 'nor the reasons 
for its production are known. IgMN does not appear to 
form by in vitro degradation (Stobo and Tomasi 1967), 
although this has not yet been excluded.· It is 
possible that owing to explosive production of lgM 
in the diseased states mentioned, IgMN increases as 
a result of incomplete 195 lgM formation from a 
normal level below the threshold of detection to 
one easily detectable. This idea is supported by 
the recent finding of free light chains in the 
cerebrospinal fluid of patients with trypanosomiasis 
(Greenwood and W.hi ttle 1975). 
d) Specificity of the IgM 
Various authors have reported that the IgM in sera from 
trypanosome.infected organisms is directed against IgG, 
tissue antigens and trypanosomes. 
(i) Nature and Occurrence of Rheumatoid Factors. 
Rheumatoid factors are antibodies with reactivity 
for the rheumatoid arthritis patient's own gamma globulins, 
and were first detected by Cecil et al in 1931. further 
studies by Waaler in 1940, and Rose et al in 1948 
indicated that sheep erythrocytes sensitized with sub-
agglutinating dilutions of rabbit IgG antibody to sheep 
red blood cells were agglutinated by anti-gamma globblins 
found in the sera of rheumatoid arthritis patients. 
Subseqaent studies by Franklin-et al in 1957 showed the 
formation of 225 complexes between 195 IgM rheumatoid 
factors and autologous 75 IglG, thus indicating the IgM 
nature of the rheumatoid factors. More recently it has 
been shown that rheumatoid factors are also found in the 
IgA and IgG subclasses (Harboe et al 1965, Lyet and 
Normansell 1974). 
Human rheumatoid factors have a broad degree of reactivity 
for IgG from humans and rabbits and other animals 
(Winblad et al 1969). Many rheumatoid factors react 
preferentially with antigen - antibody complexes, and 
aggregated or denatured IgG, although reactivity with 
native autologous IgG to form 225 complexes also occurs. 
(Vaughan 19~6, Edelman et al 1958, Singer et al 1960, 
Bernhard et al 1962, Normansell 1970, Lindstrom 1973). 
The vast majority of rheumatoid factors show optimal 
reactivity with the Fe portion of lgG molecules(,aarder 
and Natvig 1970). 
25. 
Although rheumatoid factors are common in patients with 
rheumatoid arthritis they are by no means found only in 
this disease. Rheumatoid factors also occur in subacute 
bacterial endocarditis, lupus erythematosis, chronic 
infectious diseases and African trypanosomiasis. (Panush 
1974, Houba and Allison 1966). 
26. 
There is as yet no firm evidence as to the precise role 
played by rheumat~rd factors in the body. Both IgG and IgM 
rheumatoid factors can activate the classical complement 
system and in rheumatoid arthritis cases intra-articular 
activation is known to occur. (Williams 1974). Rheumatoid 
factors may also enhance the interaction of certain immune 
complexes with phagocytic cells. 
11 Detection of Rheumatoid factors. 
The most commonly used tests for the detection of rheumatoid 
factors are sensitized sheep cell agglutination, Waaler-Rase 
tests ~nd latex fixation tests. In the sheep cell test, 
sheep cells are sensitized with sub-agglutinating amounts of 
antibody and then reacted with test ~era. In the Waaler-
Rose test human erythrocytes are sensitized with rabbit lgG 
antiborlies, while in the latex fixation test, latex particles 
are coated with human lgG. The latex test is the easiest 
to perform and the most sensitive but is subject to 
considerable non-specific agglutination by substances other 
than rheumatoid factors. (Watson 1965, Grieble et al 1969}. 
27. 
Some sera contain thermolabile non-specific agglutinators, 
(eg Clq a portion of tbe first component of the.complement 
system), and must therefore be heat inactivated prior 
to testing (Cheng and Persellin 1971). For the detection 
of human rheumatoid factors, rabbit IgG is commonly used 
for the sensitization of latex particles (Che~g and Persellin 
1973). 
Both the Waaler-Rose test and the sensitized sheep cell test 
are more specific for rheumatoid factors than the latex test 
(Waaler, 1940. Holley et al 1961. Cheng and Persellin 1973), 
but they are time consuming and less sensitive{Giieble et al 
1969). 
iii Rheumatoid factors in Trypanosomiasis 
The presence of rheumatoid factors in human sera was 
first described in patients suffering from T gambiense 
infections (Klein and Mattern, 1965). Houba and Allison (1966} 
confirmed the presence of rheumatoid factors in cases of 
T. gambiense and T rhodesiense infections, and in 1970 
Klein et al (1970) reported the detection, by latex fixation 
and Waaler-Rose tests, of rheumatoid factors in rabbits 
experimentally infected with T eguiperdum. These authors 
suggested that the high frequency of rheumatoid factors in I 
the basis of a model for investigating! these animals might form 
the nature of rheumatoid factor formation. Rheumatoid factors J 
have not been detected in mice inf~cted with T. gambiense, 
T eguiperdum nor in monkeys infected with T gambien~e, 










iv Nature and Occurrence of Autoantibodies. 
Autoantibodies are "antibodies capable of specific 
reaction with an antigen that is a normal constituent of 
the body of the individual by which the antibodies were 
formed" (Herbert and Wilkinson 1971). When such anti-
bodies were first discovered they were thought to occur rarely 
and only with disastrous consequences. However, with 
increasingly sensitive techniques it has become obvious 
that autoantibodies are quite common particularly in 
connective tissue diseases sucb as rheumatoid arthritis, and 
that they even occur at a very low titre in normal individuals. 
The pathological effects of aatoantibodies, however, are still 
conjectural. Tissue autoantibodies have also been 
described in a wide variety of infectious diseases including 
yellow fever (Hughes 1933), syphilis, malarii (Davis 1944), 
schistosomiasis (Bassily et al 1973), and African trypanoso-
miasis (Mackenzie and Boreham 1974, Mansfield and Kreier 1972~ 
Seed and Garn 1967). 
v Autoantibodies in African Trvpanosomiasis. 
Anti - tissue antibodies were first described in 1961 by 
Muschel et al in T gambiense and T rhodesiense infections of 
rabbits. In 1967 Seed and Gam used complement fixation tests 
to detect anti-liver autoantibodies in T gambiense 
infections of rabbits. These antibodies reached a peak 
eighteen days after infection with a maMimum titre of 
1/s1i 
and then slowly decreased. Pre-infection titres of 1 /B were 
considered negative b~cause of the presence of anti-
complementary activity at low dilutions. 
29. 
Natural antibodies to a liver antigen are commonly found in 
normal rabbits older than one month, although the titres are 
not high and range from t to 1 /16. (Kidd and Friedewald 1942, 
Mackenzie and Boreham 1974). 
Mansfield and Kreier (1972a) made a study of autoimmunity to 
tissue antigens in T congolense infected rabbits. They 
studied both autoantibody production and evidence for cell 
mediated immunity (See section C, 4, e) and demonstrated the 
-presence of complement fixing and precipitating auto-
antibodies reacting with rabbit heart, brain, liver and 
kidneys. The largest antibody response was directed against 
brain antigens. Wassermann antibodies were not detected, 
and no autoantibodies were found in the normal controls. 
Physico chemical analyses of the autoantibody indicated that 
it was exclusively IgM. This result was confir~ed in 1974 
by Mackenzie and Bareham and distinguishes this type of 
response from the rabbit anti - liver autoantibodies of IgG 
type produced by immunization with liver extracts 
(Asherson and Dumonde 1962, 1964). 
Rabbits infected with T brucei, however, showed a substantial 
increase in the natural anti-liver autoantibod.ies and 
Wassermann antibodies with titres reaching a maximum of 1 /512 
(Macken~ie and Boreman 1974). Absorptions indicated that 
the anti-liver and Wassermann antibodies were distinct. 
furthermore since both autologaus and uninfected homologous, 
liver antigens gave similar complement fixation results, it 
was deduced that the effective antigen was not of trypanosomal 
nature. This was confirmed by absorption studies {Mackenzie 
and Boreham 1974, Mansfield and Kreier 1972~). 
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While·attempting to measure the concentration of fibrin, 
and fibrinogen degradation products in the sera of rabbits 
infected with T brucei, Boreham and Facer {1974) observed 
the presence ~f an autoantibody to a fibtinogen component. 
The development of autoantibody was identical to that of 
l 
anti-liver antibodies, maximum titres of /512being reached 
one to two weeks after infection. Low levels of the same 
autoantibody were found in normal control sera. The nature 
of the substance acting on the antigen is not known but the 
authors suggested that it could be either a degradation 
product of fibrinogen or a fib~inogen molecule altered, su2h 
that hidden antigenic determinants are exposed. It is 
possible that during the polymerization of fibrincrgen to fibrin 
the same antigenic sites are exposed since absorption of 
serum with autologous fibrin removes most of ·the antibody 
activity. 
vi Theories of the Induction of Autoimmunity. 
Several theories of the induction of autoimmunity during 
infectious diseases have been formulated. The possible 
existence of antigenic determinants shared by trypanosomes 
and host tissues has been mentioned although this is 
unlikely in view of the results of absorption studies 
{Mackenzie and Boreham 1974)~ Secondly minor tissue damage 
caused by the trypanosomes may result in the release of 
tissue antigens, but this was disputed by Mansfield and 
Kreier in 1972{a), as in T congolense infections, auto-
antibodies arose well before any observable tissue necrosis. 
However, since extensive kidney damage was observed 
during microscopic examinations of the tissuss, it is 
quite possible that an antigen which is not specific 
for the kidney would be released at the onset of kidney 
damage. Thus autoantibodies directed against released 
kidney antigens could cross-react with liver and heart 
antigens. In fact Mackenzie and Boreham {1974) 
ebsorbed sera with kidney antigen and removed the anti-
liver activity. 
31. 
Another possibility is the a~iion of trypanosomes as a 
general adjuvant. This would not operate through the T-cell 
system as appears to occur with freund's complete adjuvant 
(Allison et al 1971), owing to the marked B-cell response 
found in trypanosomiasis. Mansfield and Krei~r (l972a) 
also suggest that a thymic malfunction may allow B cells 
to escape from a T-cell induced control system: this 
would allow the normally ~ow levels of liver and 
Wassermann antibodies to rise. 
Interest in the autoantibodies occurring in trypanosome 
infections has increased because the cause of death in 
domestic animals and man is still uncertain, and such 
autoantibodies could play an important part in the 
pathogenesis of the disease. However, the contribution 
of anti-liver autoantibodies to the pathology in 
trypanosomiasis appears to be slight since the antibody 
is present in normal rabbits at low levels, and apparently 
does no harm. In addition the serum transferase levels of 
infected rabbits suggest no gross liver damage. 
{Mackenzie and Boreham 1974) 
Similarly low levels of anti-fibrin autoantibody exist . 
normally in rabbits, and high concentrations found in 
infected sera do not induce hypofibrinogenaemia (Boreham 
and facer 1974). 
32. 
Autoantibodies may, on the other hand, produce "inapparent" 
pathologic~ changes, such as the blocking of membrane 
sites which are important enzyme recognition sites, or 
the coating of certain~tissues to prevent ~dequate 
nutrient and gas exchange with the blood (Mansfield and 
Kreier 1972a). Apart from these possibilities, auto-
antibodies contribute to the raised IgM content of the 
sera which is likely to lead to an increased viscosity of the 
serum. 
vii Other IgM Specificities. 
Other antigens to ~hich the IgM antibodies have been 
shown to be directed include the variant antigens of the 
trypanosomes (Mattern et al 1961, Seed et al 1969, 
Takayanagi ~nd Enriquez 1973), and Forssman antigens 
i.e. heterophile antibodies (Mackenzie and Boreham 1974, 
Houba et al 1969). 
e. Cell Mediated Response. 
There is little substantial evidence that cell 
mediated' immunity occurs in trypanosome infections 
apart from the demonstration of skin hypersensitivity in 
rabbits infected with T brucei (Tizard and Soltys 1971}. 
Cell mediated hypersensitivity to trypanosome antigens was 
absent in T congolense infections of rabbits (Mansfield 
and Kreier 1972b) and in T rhodesiense infections of man 
in which lysed trypanoscimes were injected (De Raadt et al 
1967}. However, this absence may have resulted from the 
relative absence of tissue invasiveness exhibited by 
T congolense and T rhodesiense. Cell mediated h~per­
sensitivity to brain and other tissue antigens in 
T congolense infections· was also absent as shown by 
negative skin tests, migration inhibitory factor and skin 
reactive factor tests, (Mansfield and Kreier 1972a}. 
f.e Suppression of the Immune Response. 
It is well established that T brucei infectirins in rodents 
have an immunosuppressive effect on the response to sheep 
red blood cells (Goodwin 1970, Murray _et al 1973, Goodwin 
33. 
et al 1972)~ ·Murray et al (1974b)attempted to determine 
whether the immunosuppres~on associated with trypanosomiasis 
was caused by a defect in the function of T or B lymphocytes. 
Results indicated a failure in antibody production at the 
cellular level i.e. a B cell defect.· T cells appeared 
relatively normal as judged by their response to oxazolone 
sensitization. This is in direct contrast to Mansfield and 
Wallace (1974) who infected ra8bits with T congolense and 
tested for in vivo and in vitro cell mediated responses. 
Skin test responses to a purified protein derivative were 
less marked in infected, immunized rabbits than in control 
rabbits. Similarly the responses of the peripheral 
blood ••• / 
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blood lymphocytes to the protein derivative were lower than 
in infected animals, thus indicating a suppression in the 
cell mediated immune system. The mechanism by which 
trypanosome infections cause this apparent suppression 
is not known, although possibilities include the 
occurrence of a serum suppressive factor, selective T cell 
depletion, or a defect at the level of the macrophage cell 
contributing to T cell deficiency in infected animals. 
(Mansfield and Wallace 1974). 
This appears to be unlikely in.view of the fact that clear 
evidence of macrophage dysfunction was not obtained by 
Murray et al (1974a) in their experiments with T brucei 
infections. 
It therefore appears that the T cell failure may occur 
particularly in the terminal stages of the disease, the 
extent being dependen~ upon the nature of the infecting 
organism, and presumably on the general condition of the 
patient or animal. Since evidence for B cell defectiveness 
has been reported only in the case of T brucei infections 
of mice (Murray et al 1974b) one can only presume that 
the occurrence is relatively infrequent and perhaps 
dependent upon the anaemic condition of the animal. It 
would be expected that if immune suppression were 
significant more patients with sleeping sickness would 
manifest other infectious diseases, and in fact De Raadt (l974~ 
notes that resistance to concurrent infections seems 
stronger rather than diminished. 
An attempt to explain the apparent paradox of heightened 
immunological activity accompanied by the possible 
immunosuppression in trypanosomiasis was made by 
Terry et al (1973). They suggest that trypanosome 
infections break the control link between thymus dependent 
lymphocytes and thymus independent lymphocytes. Escape 
from control might allow the B cells to proceed with the 
manufacture of IgM antibodies~ whilst other responses 
requiring cellular interactions would be suppressed. 
Another more realistic hypothesis for explaining the 
abnormal immune response is that of the occurrence of a 
B cell mitogen in trypanosomiasis (Urquhart et al 1973, 
Greenwood 1974). It is possible that trypanosomes 
produce a B eel~ mitogen which has a non-specific 
stimulatory effect on immunoglobulin synthesis. This 
would not only explain the high IgM levels see~ in these 
infections but also the occurrence of anomalous antibodies 
eg autaantibodies. 
The production of a B cell mitogen would be expected to 
lead to an increase in lymphocyte DNA synthesis, and this 
as. 
has been observed in patients with malaria which is a disease 
manifesting similar immunological symptoms. One can als6 
postulate that this stimulation of the disordered immuno-
globulin response in trypanosomiasis could benefit the 
parasite by swamping the specific immunological response 
aimed ~t its destruction, while it could also explain the 
apparent heightened resistance tci concurrent infections. 
36. 
III MATERIALS AND METHODS 
A BUFFERS 
b Borate buffer, pH 8.0 
Boric acid (9.03g), sodium chloride (2.13g) and sodium 
borate (5.lBg) were dissolved in distilled water and the 
volume made up to 1 litre. The pH was adjusted to pH B.O. 
2. Borate buffer, pH 8.6 
A stock solution (1 litre) containing 62g boric acid 
and 20g sodium hydroxide was prepared. A double strength 
borate buffer solution containing lSOml O.lN HCl, 350ml 
stock borate solution and 500ml saline was diluted with 
an equal volume of distilled~water prior to use. 
The pH was adjusted to pH B.6. 
3. Buffered glycerol, pH 8-9 
This was prepared by dissolving 0.0729g sodium 
bicarbonate and 0.0169 sodium carbonate in lOml distilled 
water. Glycerol was then added to a final volume of lOOml. 
4. Ca-Mg buffered diltient, pH 7.2 
5,5 diethylbarbituric acid (5.75g} was dissolved in 
500ml hot distilled water. To this solution 85.0g sodium 
chloride, 2.Dg sodium, 5.5 diethylbarbiturate, 1.669 magnesium 
chloride and 0.28g calcium chloride were added, and the 
volume made up to 2 litres. This stock solution was 
diluted l in 5 with distil1ed water prior to use. 
The pH was adjusted to pH 7.2. 
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5. Glycine-saline buffer, pH 8.2 
The pH of 975ml O.lM glycine was adjusted to 
pH 8.2 with lN NaOH. To this solution lOg sodium chloride 
was added and the volume adjusted to l litre with distilled 
water. 
6. Phosphate buffered saline, eH 7.2 
The pH of a solution of 266ml 0.15M Na2HP04 , 90ml 
0.15H KH 2 P04 and 376ml O.l5M NaCl was adjusted to pH 7.2. 
7. Phosphate buffered saline, pH 7.3 
forty ml 0.5M Na 2 HP04 and lOml 0.5M KH 2
Po4 were made 
up to 500ml with distilled water. To this solution llg 
sodium chloride was O.lg sodium azide-were added, and the 
~H was adjusted to pH 7.3 
B. Phosphate buffered saline, pH 7.6 
Sodium chloride (B.Sg), disodium hydrogen phosphate 
(l.28g) and sodium dihydrogen phosphate (0.156g) were 
dissolved in distilled water and the pH was adjusted to 
pH 7.6 
9. Phosphate buffered saline, pH 8.0 
Sodium chloride (2.55g), and sodium dihydrogen 
phosphate (0.46Bg) and disodium hydrogen phosphate 
{20.414g) were dissolved in distilled water, and the volume 
made up to l litre. The pH was adjusted to pH a.o. 
10 Phosphate buffered saline with glycerol and heparin, 
pH 8.0 
To lOOml phosphate buffered saline pH 8.0, l.Og 
D-glucose and O.lml Heparin {50001.U./ml) were added. 
B. TECHNIQUES WITH TRYPANOSOMES. 
l Maintenance and Purification of Trypanosomes. 
A strain of T. eguiperdum obtained from Dr. R.D. Bigalke 
of the Onderstepoort Research Institute, Pretoria, was 
maintained in the laboratory by blood passage in white 
mice, and stabilates (Herbert et al 1968) were preserved 
in liquid nitrogen. The severity of the trypanosome 
infections was tested by microscopic examination of the 
mouse tail blood. When the parasitaemia was considerable 
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(3 - 4 days after infection), the mice were exsanguinated by 
cardiac puncture under ether anaesthesia, using 10 I.U./ml 
HeFarin as an anticoagulant. for further passage the blood 
was diluted until l - 4 trypanosomes were observed in the 
microscope field (ocular lens l5x, and objective 40x). 
Mice were then injected intravenously wit~ volumes varying 
from 0.05 to 0.2ml of dilute blood. The blood from 
infected mice was diluted 1:3 with cold phosphate buffered 
saline (PBS) pH 8.0 containing l~ glucose and 10 I.units 
of heparin/ml i.e. phosphate buffered saline with glucose 
and heparin (PBSGH). Purification of trypanosomes for the 
preparation of trypanosome clones was carried out following 
Lanham (1968). 
DEAE cellulose was activated as described in the next section, 
and equilibrated with PBS at pH 8.0. The slurry was then 
washed three times with PBSGH, and poured into a glass 
column (4 x 10 cm), fitted with a sintered glass disc. 
Excess liquid was allowed to drain from the column, and the 
surface of the DEAE cellulose was covered by 3-4 cm layer of 
buffer. 
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The diluted blood was carefully layered on to the surface 
of the cellulose, and the head of buffer maintained with 
PBSGH. Trypanosomes were observed as a yellow band migrating 
in the DEAE cellulose and were collected on elution until 
microscopic examination proved negative. 
The trypanosomes were centrifuged at 3000 rpm for 10 minutes 
at 4°C, and were then washed 6 times with PBSGH buffer. 
Cooling of the suspension to 4°C wasfound to be essential 
in order to retain the viability of the trypanosomes, since 
at room temperature their rate of metabolism was extremely 
high resulting in the utilization of all metabolites, and 
the accumulation of waste products.(Lumsden et al 1973). 
Purified trypanosomes were cryopreserved in liquid nitrogen. 
Glycerol was added as a cryopreservative to the suspension 
to a final volume of 7.5% by slowly mixing the required 
glycerol volume with the trypanosome suspension. Plastic 
ampoules were completely filled with 0.3ml of the 
trypanosome suspension, labelled and quickly cooled in 
liquid nitrogen. The ampoules were kept in a liquid 
nitrogen cannister until required, when they were quickly 
0 thawed at 37 C. The trypanosomes remained viable for 
periods of at least nine months. 
2. Activation of DEAE Cellulose. 
DEAE Cellulose, an anionic exchange cellulose was 
precycled prior to use. This was in order to swell the 
dried cellulose in a reproducible manner, so that it 
could become fully accessible to charged solutes. Acidic 
treatment was followed by an alkaline treatment, since the 
former converted the cellulose to its fully charged form, 
whilst the latter treatment converted DEAE into the free 
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base form.· (Whatman advanced ion-exchange cellulose brochure). 
Approximately 1009 of dried DEAE cellulose {Merck E, 
Darmstadt, Germany), was sti~red into l500ml of 0.5N HCL, 
the suspension stirred for 2 minutes and left for 30 minutes. 
The supernatant was decanted and the cellulose washed with 
distilled water until the pH remained at 4.0. The material 
was then treated with O.SM NaOH {1500ml} for 30 minutes. 
fhe cellulose was then washed, as befora, until a pH of 8.0 
was obtained. It was stored at 4°C until use. 
Prior to use, the cellulose was equilibrated first 
with PBS pH 8.0 and finally with PBSGH pH 8.0. 
3. Preparation of Trypanosame Clones. 
Antigenically similar populations of trypanosomes 
i.e. clones,were obtained by passage initiated from a single 
trypanosome. (Lumsden et al 1973}. A trypanosome-infected 
mouse with marked parasitaamia was bled by cardiac puncture, 
under ether anaesthesia, and the blood diluted in PBS pH 8.0 
until small drops placed on a microscope slide contained a 
single organism. The drop was small enough to be entirely 
included in the microscope field, and the viewing was rapid 
to prevent ••• / 
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to prevent evaporation of the drop. Confirmation of the 
presence of a single organism was made by another observer. 
An additional droplet of diluent was placed aver the 
trypanosome-containing drop and they were drawn up into a 
l ml syringe previously filled with 0.1 ml diluent. The 
recipient mouse was inoculated immediately with the 
trypanosome suspension. Following infection of this mouse 
a single passage was carried out in order to prepare 
sufficient trypanosomes for experimental purposes. 
4. Routine infection of rabbits with T eguiperdum. 
Adult white rabbits (progeny of a cross between New 
Zealand and commercial hybrid strains} were infected 
intramuscularly with between 10
6 io7 trypanosomes/ml. 
The rabbits were bled from the marginal vein of the ear, 
prior to infection and at intervals over the infection 
period. Sera were stored at - l8°C. 
5. Inactivation of trypanosomes and immunization of rabbits. 
Trypanosomes were inactivated following the method of 
Fernandes et al (1965}. Purified trypanosomes in PBSGH 
(O.l ml of Sx108 trypanosomes/ml were inactivated with 200.)-'g 
Actinomycin D (P-L Biochemicals. Inc. Milwaukee. Wisconsin) 
for 45 minutes at 37°C. The Actinomycin D was dissolved in 
O.B ml Ml99 medium (Difeo Lab., Detroit, Michigan). The 
parasites were then washed twice in PBSGH and resuspended at 
concentrations between 5x106 ~ lx109 trypanosomes per ml. 
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RabbLts were infected intramuscularly with the inactivated 
trypanosomes at concentrations of Sx10
6
, lxl07 and lx10
8 
trypanosomes per rabbit, once a week for three weeks. 
Inactivated trypanosomes were freshly prepared for each 
immunization injection. 





viable trypanosomes. Positive controls were 
carried out by injecting unimmtinized animals with an 
identical concentration of viable trypanosomes •. Rabbits 
were bled at weekly intervals • 
. -
C. PURIFICATION OF RABBIT IgM, lgG AND THE 
PREPARATION OF ANTISERA. 
1. Preparation of a Sephadex G200 column •. 
Preparation of the Gel 
Sephadex gel G200 (Pharmacia Fine Chemicals, Uppsala, 
Sweden) was swollen in excess d~stilled water with 
intermittent stirring and decantation, for 3 days at 
room temperature. l gm of dried gel produced a total 
volumn of about 30 ml of swrillen gel. After swelling th~~l 
was washed with PBS pH 7.3, O.OSM, containing 0.02% 
sodium azide. 
Packing the G200 Column 
After the 100 x 4.5 cm column had been mounted vertically 
the outlet was closed with a narrow piece of tubing 
approximately the length of the column. The degassed 
slurry, dilute enough to allow air bubbles to rise 
through the gel, was poured slowly into the column. 
The o~tlet tubing was then positioned 10 ems below the 
liquid level in the column (fig.2), and opened to allow 
the excess buffer to flow out slowly. The remaining 
slurry was poured into the column as the excess buff er 
drained out. 
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When the column had been satisfactorily packed, the outlet 
was closed and the top flow adaptor fitted into place 
ensu±ing that no air bubbles were trapped under the nylon 
net. The column was then equilibrated with phosphate 
buffer, O.OSM, pH 7.3, for 24 hours prior to use. 
2. Preparation of a Zone Electrophoresis Column 
Preparation of the Density Gradient • 
. In most experiments borate buffer pH 8.6.was used. 
The apparatus was assembled as shown in fig. J. The 
buffer was slowly introduced into the apparatus through 
inlet A, until the level reached the side arms of the 
electrode tubes, ensuring that no air bubbles were formed. 
A solution of 40% sucrose in borate buffer was then added 
in a similar way until the level in the R.H.S. w~s at C. 
Buffer was then added to the L.H~S. limb, to just below 
the stopcock on the RHS, and about 2 mm above the 
capillary. (F) The stopcock was closed. Sucrose (40%) 
was then run out through H to gain a sharp boundary at the 
top of the capillary. 
Mixing flasks were assembled such that the higher flask (1) 
cont~ined 170 ml of 40~ sucrose, and the lower flask (2} 
contained 160 ml of buffer. Air bubbles were removed from 
the tubing leading to the column~ and the tubing was 
connected to H. 
- - - -+ a 
- - --+ 
fig. 2. The packing of the Sephadex G200 column. 
a,· operating pressure. 
Fig. 3. Zone electrophoresis apparatus. A, side arm; 
B, electrophoresis column; C, level of 40~ sucrose during the 
formation of the density gradient; D & E, electrode vessels 
containing the silver - silver chloride electrodes; 
F, capillary tube; H, outlet; l, flask containing 40~ sucrose~ 
2, flask containing buffer. 
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Both the tap between flasks (1) and (2}, and the tap at H 
were opened to allow the sucrose to flow into the buffer 
solution, and the solution to enter the column. The gradient 
was allowed to run until orily about 20 ml of sucrose was left 
in flask (1). Approximately 5 ml of the lower part of the 
gradient was then run out of the column through H. This 
ensured that the sucrose concentration at the bottom of the 
column was about 35%. 
Introduction of the Sample. 
Two bijou bottles containing i) 37% sucrose and ii} 40~ sucrose 
were prepared. Sugar and phenol red were added ta the sample 
(maximum concentration of 10 mg and maximum volume of 2 ml) 
until a drop of sample sank when added to the 37% sucrose, 
and floated when added to 40% sucrose. The sample was then 
introduced very slowly through H using a syringe. The outlet H 
was then firmly closed. 
Reversibl• silver-silver chloride electrodes were placed in 
the electrode vessels, and covered with a saturated solution 
of sodium chloride. The main stopcock was then gently opened, 
and buffer was removed or added to the appropriate electrode 
vessel until the sample was about 2 inches above the 
capillary tube. The apparatus was allowed to stand 2 - 3 
hours to establish a density gradient through the sample 
layer, before the current was switched on. 
A voltage gradient of 3 - 4 V/cm was applied with the positive 
electrode being on the left. A fan was installed to reduce 
the heat generated by the current. 
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Preparation of silver-silver chloride Electrodes~ 
Silver-silver chloride electrodes were constructed from 
strips of silver wire mesh, which were coated with a layer 
of silver chloride, by immersing them in 0.1 N HCl saturated 
with NaCl and connecting them to the positiv~ pole of a 
source of direct current. 
The electrode with the heaviest silver chloride deposit was 
connected to the negative pole. Electrodes were alternated 
every 24 hours by gently closing the stopcock and inter-
changing them. 
3. Purification of Rabbit IgM 
The purification of rabbit IgM was accomplished by a combina-
tion of euglobulin precipitation, gel 
electrophoresis techniques. 
filtration and zone 
Euglobulin Preparatio~ and Gel Filtration. 
3 (a) The serum (10 ml) from rabbits infected with T eguieerdu~ 
was first centrifuged at 25000 g for l hour at o0 c, in 
order to remove the lipoproteins (Campbell et al 1970), 
and was then twice precipitated with an equal voluma of 
4M ammonium sulphate at pH 7.4 (Nowotny 1969}. An 
average yield of 20 mg protein/ml of serum was 
obtained after ammonium sulphate precipitation. 
Ascending gel filtration was then carried out by 
pumping a maximum of 200 mg of the redissolved protein 
precipitate (2-3 ml) on a 4.5 x 100 cm column packed 
with Sephadex G200. A phosphate buffer O.OSM, pH 7.3 
was used for elution at a flow rate of 24 ml/hr. 
Absorbance at 280 nm was monitored by a LKB Uvicord II, 
(LKB, Bromma, Sweden) and 5 ml fractions were collected. 
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IgM-containing fractions were pooled, concentrated 
from 80-100 ml to 5-10 ml by ultrafiltration, using an 
Amicon XM lDOA membrane in a Model 52 Stirred cell, at 
15psi and 4°C. {Amicon Corporation, Lexington, 
Massachusetts.) 
An average macroglobulin concentration of 2 - 4 mg/ml 
of serum was obtained. 
3 (b} Zone Electrophoresis 
The final IgM purification step was carried out by 
Zone electrophoresis (Polson and Russell 1967 and 
van Regenmortel 1972) at either pH 6.1 or at pH B.6. 
Ai1 aliquot of the concentrated IgM fraction (maximum 
volume of 2 ml) was introduced into a Q -40% sucrose 
gradient prepared as outlined previously. Electro-
phoresis proceeded for 3 days at a potential of 200V, 
with alternation of the silver· chloride electrodes 
every 24 hours. fractions (2ml) were collected 
manually and the absorption measured at 280nm on a 
Pye Unicam Sp 1700 LI.Vo spectrophotometer. 
(Pye Unicam Ltd., Cambridge, England). IgM containing 
fractions were then dialysed against the respective 
buffer and concentrated by ultrafiltration to 1 - 2 ml. 
The purity of the IgM was tested by immunoelectro-
phoresis. 
4. Reduction of 195 lgM 
a) Cysteine Reduction 
IgM (Smg/ml) was reduced at room temperature for 8 
minutes with O.OSM cysteine in Tris buffer pH 8.6. 
O.lM (Miller and Metzger 1965). The reaction mixture 
was alkylated with a 10% excess of iodoacetamide and 
was applied to a Sephadex G200 column. 
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b) Mercaptoethanol Reduction. 
Rabbit igM (2mg/ml) was reduced with an equal volume 
of O.SM mercaptoethanol for l hour at J7°C. 
(Banatvala et al 1967). 
c) Dithioerythritol Reduction 
195 IgM (0.9 of 3 mg/ml) was reduced for l hour at 
room temperature with 2mM DTT (O.lml of 20mM DTT) in 
0.2N Tris buffer pH 8.0 (Parkhouse 1975). The 
o reductant was cooled to 0 C and then alkylated by 
adding a 50% molar excess of ~odoacetamide. 
(O.llml of 30mM iodoacetamide). 
d) ·Purification of 75 and 13.45-IgM. 
IgM samples (0.15ml) reduced with 2mM DTT were 
centrifuged on a sucrose gradient at 26000 rpm for 
24 hours at 4°C. The 75 IgM fraction• were pooled, 
dialysed against normal saline overnight, and 
concentrated by ultrafiltration, using an Amicon XM 
50A, 25 mm membrane. 13.45 samples were treated in 
a similar way. Preparations were analysed by 
immunoelectrophoresis. 
5. Sucrose Density Gradient Centrifugation. 
Separations of 75 and 195 components was performed on 
0-40% sucrose gradients prepared in 19ml Beckman 
cellulose nitrate centrifuge tubes, using an LKB gradient 
for~er. Sample volumes of 0.1 to 0.2 ml were placed on 
the gradients, and the gradients were then centrifuged at 
26000 rpm for 24 hours at 4°C in a Beckman SW 27 rotor in 
a Spinco model L3 -50 Ultracentrifuge. 
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Fractionation of the gradients was carried out by pumping 
60% sucrose into the bottom of the centrifuge tube. 
Fractions of l ml were collected and monitored at 280nm 
using the Isco density gradient fractionator Model 640. 
(Isco, Lincoln, Nebraska). The refractive indices of the 
sucrose fractions were determined using an Atago ABBE 
refractometer (Atago, Japan). 
Pooled fractions corresponding to the 75 and 195 components 
were dialysed overnight against phosphate buffered saline, 
O.OSM, pH 7.3 or against normal saline, and were then 
concentra~ed by ultrafiltration using Amicon XM 100 A 
25 mm membrane, at 15psi at 4°C. 
6. Preparation of Goat Antisera 
a) Preparation of Goat Anti Rabbit IgM Serum. 
Anti rabbit IgM was prepared by immunizing a goat w~th 
purified rabbit IgM emulsified in freund's incomplete 
adjuvant. The goat received a total of Bmg of IgM 
over a period of 3 weeks, and was bled from the 
jugular vein at fortnightly intervals after the last 
injection. 
~) Absorption of Goat Anti Rabbit IgM Serum. 
I/ Neonatal Serum Absorption 
One volume of goat anti-rabbit lgM was absorbed 
with a t volume of neonatal rabbit serum collected 
0 from 3, one day old rabbits, for l hour at 37 C.-
The precipitate was removed by centrifugation and 
the absorbed goat antiserum tested by immune-
electrophoresis. 
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ii) Dialysed NRS. Absorption. 
Goat .anti rabbit IgM serum was absorbed for l hour at 
room temperature wit~ an equal volume of NRS which had 
been dialysed for 3 days against distilled water at 4°C. 
The precipitate was removed by centrifugation, and the 
antiserum analysed by immunelectrophoresis. 
ti.~ Absorption of Goat antiserum with NRS Precipitate. 
Goat antiserum was absorbed for one hour at room 
temperature with the precipitate formed after dialysis 
of 10 ml of NRS against O.l05M sodium chloride and 
0.00012M acetate buffer at pH 5.4 (Brown et al, 1954). 
~~ IgG Absorptions 
Goat antiserum (10 ml) was absorbed for·one hour at room 
temperature with rabbit IgG·prepared by the rivanol 
method, at a concentration of 1.5 mg IgG/ml antiserum. 
~) Preparation of Goat Anti NRS Serum. 
Anti rabbit serum was piepared by immunizing a goat with 
a total of 4 ml NRS emulsified in freund's incomplete 
adjuvant over a period of B weeks, (4 injections}. The 
goat was bled at fortnightly intervals after the last 
injection. Booster injections were given every 2 - 3 
months. 
d) Preparation of Goat Anti Rabbit IgG Serum.· 
A goat was immunized with a total of 14 mg of rabbit IgG, 
prepared by the rivanol technique, emulsifiedin Freund's 
incomplete adjuvant over a period of 9 weeks (4 injections 
Antiserum was collected at fornightly intervals, and 
booster injections of 2 - 4 mg IgG were given when 
necessary. The goat antiserum was absorbed with 
purified •••• / 
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purified IgM at a cone of 1.25 mg IgM / ml antiserum for 
one hour at room temperature. 
7. Preparation of Rabbit IgG 
Rabbit IgG was isolated from rabbit serum using Rivanol 
(2-ethoxy-6:9-diaminoacridine lactate} by a procedure 
developed from the original work of Horesji & Smetana 
(1956} and Stastny and Horesji (1961). 
The pH of rabbit serum was adjusted to between pH 6.0 and 
pH 9.0. In this pH range Rivanol reacts with serum 
proteins having a pl of less than 5.5, eg albumin, 
(J Jipoprotein and ol. 1 glycoprotein etc. IgG with_ a 
pl of 7.3 has a low negative charge, which results in 
insufficient electrostatic interaction, between the dye 
molecules and ths IgG molecules, to cause protein 
aggregation. 
Three and a half volumes of 0.4% Rivanol was then added 
dropwise to the alkaline serum {10 ml) and the precipitate 
so formed removed by centrigation. The precipitate was 
suspended in 3.5 volumes of distilled water, and stirred 
to extract further IgG, then centrifuged. The two 
supernatants were pooled, and the Rivanol was removed by 
precipitation with 1.5 volumes of saturated Potassium 
bromide solution (Schultze~ Heremans 1966). 
The IgG was precipitated from this supernatant with l.6M 
ammonium sulphate solution. The precipitate, so formed,was 
resuspended and reprecipitated twice more. The resulting 
precipitate containeda high concentration of IgG, which 
was then dialyzed, lyophilized Qnd stored at o0 c. 
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B. Immunoelectrophoresis of Serum Proteins. 
Micro immunoelectrophoresis was carried out based on the 
methods of Scheidegger (1955) and the Gelman handbook 
(197Dj. 
Glass slides were cleared with methanol and placed in 
Gelman immune frames (Gelman Instrument Co., Ann Arbor, 
Michigan, U.S.A.) on a levelling stand. Each slide was 
then "pminted" with an adhesive agar made up of 0.1% agar, 
0.05% glycerol and 0.01% sodium azide in distilled water. 
After allowing the agar glue to dry, lOml of hot 1.0% 
agarose in 0.025M Tris buffer ptt 8.1, containing 0.01% 
sodium azide was spread over each row of 3 glass slides. 
After the gel had set, an immunoelectrophoretic pattern 
was then punched onto the hardened gel, using the Gelman 
gel punch. The pattern consisted of 3 wells 1.5 mm in 
diameter, separated by two troughs 1.0 mm wide, with a 
diffusioh distance, between each well and trough, of 3.6mm 
The agarose from each well was removed by suction. 
Antigen samples were placed in the wells using finely 
drawn-out Pasteur pipettes. Each frame was then placed 
in the electrophoresis chamber such that the wells were 
nearest the cathode end. Cellulose acetate wicks formed 
bridges between the agarose and the buffer in the chamber. 
Electrophoresis was carried out in O.lM Tris buffer pK 8.1 
at 5v/cm for 1.5 hours at room temperature~ .! 
At the end of the run the gel from the troughs was 
removed with a gel knife and the troughs were filled with 
antiserum. Frames were placed in a humid chamber over-
night to allow the precipitin bands to develop. 
Slides were then washed~for 24 hours in 0.2% sodium 
chloride solution followed by a final rinse in. 
distilled water to remove unreacted proteins. 
Moistened absorbent paper strips were then placed 
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over the slides and the slides allowed to dry at room 
temperature. Staining was carried out.in 0 •. 25% 
Coomassie blue, and destaining in methanol: distilled 
water: acetic acid (45:45:10) solution. 
Quantitation of serum IgM by immunoelectrophoresis was 
performed by electrophoresing serial dilutions of the 
rabbit sera against goat anti rabbit IgM serum. The 
last dilution at which the IgM precipitin arc was visible 
was used ~s the endpoint (Crowle 1973). 
Serial dilutions of IgM standards were used to calibrate 
the technique. 
D QUANTITATION OF RABBIT IgM AND IgG. 
l. Determination of IgM Concentrations by Quantitative 
gel Precipitin Tests. 
IgM conc~ntrations were determined by the quantitative 
gel diffusion test of Polson (1958~ Van Regenmortel(l966.) 
A perspex apparatus with a series of ten circular holes 
having the following dimensions was used; 0.5 cm in 
diameter x l cm in length {Fig.4). Prior to the assembly 
of the apparatus the surfaces of the five sections were 
well greased, care being taken to ensure that the grease 
did not enter the holes. After assembly the holes were 
meticulously cleaned. The centre wells were filled with 
0.2 ml of 0.75% agarose in barbital buffer D.05M, pH 8.6. 
by moving ••• / 
EXPLODED VIEW 
b C©- -0 =iJ--0--0-={}-=0--0--0~ 
c (;0= 0==0 a--a- -a--a--o--o--a:& 
d Oo---a -a -a- a- q- o- 0=-a- -o:& 
Fig. 4. Apparatus for quantitative gel diffusion. Sections 
{a) and {e),form the top and bottom lids respectively. The 
holes in (b), serve as antigen reservoirs, and those in (d}, 
as antiserum reservoirs. The holes in section (c}, serve 
as the agarose containers. 
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by moving the lower section (d) off centre. 
3 The centre wells ( c) were then /4 closed by the slow off-
centre movement of layer (b}, a~d the apparatus placed at 
4°C for 10 - 15 minutes, to allow the agarose to_ set 
completely. The centre wells were then comP.letely closed, 
and excess agarose removed from (b) layer by suction. 
Sui table antigen dilutions ( IgM or -I gG standards or 
experimental sera) were placed in the wells of layer (b), 
this being closed by moving section {a) off centre. In 
a si~ilar way the diluted antiserum was placed in the 
wells of layer (d}. 
The three centre sections (b,c,d) were carefully aligned 
and diffusion allowed to occur at room temperature for 
46 hours. The positions of the precipitin bands 
relative to the menisci were measured with a Nikon 
microcomparator. Band position is a linear function 
of the logarithm of the ratio of antigen to antibody 
concentration. Calibration curves were obtained by 
plotting the positions of precipitin bands formeli by 
serial twofold dilutions of purified IgM or IgG 
against the corresponding constant antibody. 
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2. Laurell Electrophoresis 
Laurell electrophoresis was carried out by a method based 
on that of Weeke (1973b). 
Molten l % agarose in O.OlM barbital-glycin-Tris buffer, 
pH B.B (5.6ml) was pipetted onto each precoated glass 
plate (50x75mm) on a levelling stand. The plates were 
precoated with molten agarose with the aid of a small 
paint brush. The agarose was allowed to set and formed 
a layer l.5mm in depth. Two wells O.Smm in diameter were 
punched into the agarose apd filled with 1.5~1 of either 
IgM standard preparations or dilute rabbit serum, by means 
of a Hamilton syringe. The slides were electrophoresed 
in an Laurell electrophoresis chamber, 28.0cm long x 
9.Dcm deep x 13.Scm wide, with movable supports 2 cm apart • 
.Lint wicks formed the bridges between the 0.02M barbital-
glycine-Tris buffer and the agarose. Electrophoresis was 
carried out for 50 minutes at 6V/cm. 
A 10 mm strip of agarose was then removed from each side 
of the plate, and the remaining agarose containing the 
two wells divided into 2. Each slab, 50xl9mm, was then 
placed onto a second precaated glass plate, and 4.2ml of 
1% agarose containing the antiserum was pipetted onto the 
remaining part of the plate. The plates were electro-
phoresed at lV/cm overnight (16 hours}, in a direction 
at right angles to the first dimension. 
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The following morning the plates were pressed, washed, 
pressed, dried, stained, and destained as follows: 
The wells on the plates were filled with distilled water~ 
and moistened blotting paper strips placed over the plates 
such that all air bubbles were excluded. The plates were 
then placed under several layers of dry blotting paper, 
and pressed under a book for 20 minutes. After pressing 
the plates were twice washed in O.lM sodium chloride for 
20 minutes with constant stirring and then once in 
distilled water for 20 minutes, and finally repressed and 
dried in front of a hot ai~ fan. 
The precipiti~ peaks were stained in 0.5~ Coomassie 
brilliant blue R250 for 20 minutes, and destained in a 
solution of 45 parts of 96% ethanol: 10 parts of glacial 
acetic acid: 45 parts of distilled water. 
Both the heights of the peaks, and the areas under the. 
peaks were measured. 
Variations of the technique outline~ included the use of 
longer staining times of 40 and 60 minutes, Ponceau S, 
Amide black, Procian blue, and Coomassie R stains, 
precipitin brighteners eg 0.53 phosphotungstic acid at 
pH2, and pH 5, 0.5% phosphomolybdic acid at pH2 and pHS 
and finally formalinization of the rabbit sera with 0.01% 
to 0.2% formaldehyde. 
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3. Rocket Electrophoresis 
The technique used for rocket electrophoresis, was based 
on that used in Laurell electrophoresis (~e~ke, l973a}. 
Molten 1% agarose in O.OlM barbital-glycine - Tris 
buffer, pH 8.8 containing anti rabbit IgM serum at a 
l 
final dilution of /256, (5.6ml), was pipetted onto 
precoated glass plates (50 x 75mm). Six wells, 2 mm in 
diameter, were punched Smm apart on the plate, and filled 
with 2 ,µ. l of the I gM standards or dilute rabbit sera. 
The plates were placed in a Gelman delux~ electrophoresis · 
chamber (Gelman Instrument Company, An~ Arbor, Michigan, 
U.S.A.), filled with l litre of 0.02M barbital-glycine-
Tris buffer pHB.8 and with absorbent lint wicks 
connecting the buffer and the agar~se~ Electrophoresis 
was carried out for 16 hours at 2V/cm. 
Gels were then pressed, washed, pressed, dried, stained 
and destained as outlined for Laurell electrophoresis. 
The heights of the precipitin peaks were recorded in mm. 
4. Analytical Ultracentrifugation. 
a) Calibration of the Area under a Schlieren Peak by 
fringe Shifts. 
A 4mg/ml bovine serum albumin (BSA) standard was 
dialysed.for 48 hours against normal saline. The 
absolute concentration of this standard was measured 
by interference optics in a doubl~ sectored synthetic 
boundary cell, of which one sector of the centre-
piece was filled with D.15ml of BSA solution, and 
the other sector with 0.45 ml of the buffer. The· 
sample was centrifuged at 10000 rpm in a Beckman 
Model E •••• / 
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. Model E analytical ultracentrifuge. The total fringe 
shift, comprised of the whole fringe count and the 
fractional fringe was determined using a Nikon micro-
comparator. The protein concentration was calculated 
on the basis of: 
Shift of one fringe = 0.25mg protein/ml. 
A Schlieren pattern of the BSA standard at a schlieren 
angle of 60° was also obtained using the double sectored 
cell, and the area under the schlieren peak measured by 
tracing the enlarged image onto graph paper. 
Corrections were made for radial dilution and 
magnification. (Table 1.) 
b) Determination of 195 Concentrations in Rabbit Sera. 
Rabbit sera were diluted l in 5 in saline and centrifugeo 
at 56,000 rpm in an analytical Rotor.D. Two cells were 
used simultaneously, one with quartz plain windows, and 
the other with a quartz 1° wedge window. Schlieren 
0 patterns at an angle of 60 were· photographed every 
four minutes after reaching spe~d. The areas under 
the schlieren peaks were measured and corrected as 
above, and compared with the BSA standard. 
c) Determination of Sedimentation Coefficients. 
Samples were centrifuged and schlieren patterns 
photographed as outlined above. Using the Nikon 
comparator the radial distance of the apex of each 
schlieren peak from the centre of rotation was 
measured for each photograph (Table 2 A and B). 
TABLE I. 
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TABLE 2 
Determination of Sedimentation Coefficients. 
Table 2A 
Photo Time Position of 
Position of Distance of 
No. (min ) boundary outer boundary from (mm) reference (mmj outer reference 
(mmj 
2 B 17.410 1.190 16.200 
3 12 14.732 0.528 14.205 
4 16 12.690 0.537 12 • .153 
5 20 13.851 4.933 B.918 
Table 2B 
Distance of Distance Distance Distance 
Photo 
boundary x in of Log X. from outer M. factor No. reference cm boundary ia· 
(mm} from centre of 
rotation 
(x.) 
2 16.200 7.579 0.758 6.542 0.8157 
3 14.204 6.637 0.664 6.636 0.8219 
4 12.153 5.679 0.568 6.732 0.62.19 
5 8.918 4.169 0.417 6.883 0.8376 
The slope of a plot of Log
10 
distance against time in 
minutes was determined, and the S (obs) calculated from 






Where t = time in seconds 
and t
1 




T q... ,\ -13 he \:'b51of IgM was found to be 17.85 x 10 
It was not possible to correct the tabs) to standard 
conditions as accurate temperature measurements, were 
unfortunately not made, because of a faulty rotor 
62. 
temperature indicator system. Centrifugation runs were 
0 
carried out in an air-conditioned room at-19 C, the 
0 
temperature of the rotor agreeing to within 0.5 C. for 
this reason all 5 · included in this work 
are uncorrected values. 
E.METHODS FOR THE DETECTION OF RHEUMATOID FACTORS. 
1. Latex Fixation. 
Latex fixation was carried out both as a semi-quantitative. 
tube test, and as a slide test, the latter being the most 
satisfactory. 
a) The Latex Tube Test. 
The tube test was carried out following Singer L Plotz 
_, 
{1956). Difeo latex particles {Difeo Labs, Detroit, 
Michigan, USA) were diluted to l in 10 in glycine saline 
buffer pH 8.2, and to which was added rabbit IgG at final. 
concentrations of 5mg/ml and lmg/ml. Twb~~~lutions of 
rabbit sera •••• / 
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rabbit sera were made in glycine saline buffer in test 
tubes, and an equal volum9 (0.2ml} of latex-lgG was added4 
The tubes were incubated at 56°C for J minutes, and the 
.resulting agglutination was read with ·the naked eye. 
Samples were also kept at 4°C overnight and recentrifuged 
and read the following morning. {Singer et al 1960). 
Difficulties were experienced with weak positives and 
non-specific agglutination in spite of attempts ta 
stabilize the reaction~ Such attempts included the 
addition of 0.05mg BSA/ml, and the resuspension ·of 
-washed latex. particles in O.ZM Tris-HCL pH 7.2 
containing 0.02% PVP (Abu-Salih et al 1968). 
b) The Latex Slide Test • 
.The latex slide test, found to be the most satisfactory 
with respect to sensitivity of the reaction and reduced 
sample volumes, was carried out following Cheng & 
Persellin (1973). Difeo late.x was diluted 1 : 25 in 
distilled ~ater and was coated with .rabbit IgG 
Human Cohn fy I I (Miles Labs., C. T.) a.s outlined in 
table e. 0 . Rabbit sera were heated for 40 min at 56 C, 
and diluted in O.lM glycine saline buffer. pH B.2. 
A glass plate 20 x 20 cm·was prepared as a multi-spot 
slide with wells 1.5 cm in diameter approximately 2 cm 
apart (Kidby 1974)~ The wells were formed by rinsing~ 
glycerol droplets off the plate which had been sprayed 
with a teflon spray (PTFE spray, Pampus, fluoroplast Ltd, 
Stoke-on-Trent, England). 
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A small volume of the formalinized SRBC's was washed and 
checked for adequate formalinization indicated by a reddish-
brown colour. After suitable formalinization had been 
achieved the SRBC's were washed 6 times in normal saline and 
packed, the packed cells being finally resuspended at 25S 
in normal saline. The cells were kept at 4~C. with 0.1% 
sodium azide as a preservative. 
Sensitization of the Formalinized SRBC's. 
Formalinized SRBCs were tanned by diluting the cells to 2.5% 
and adding an equal volume of ~ in 20,000 tannic acid 
( O. 05 mg/ml) (Daniel &, Sta vi tsky l964 ,. Weir 1973}. The 
cells were incubated at 37°C for 15 minutes, and were then 
washed twice in PBS pH 7.2, O.lSM. Sensitization of the 
tanned cells was performed by incubating the· ce.lls far JO 
minutes at 37°C, in the presence of IgG_preparations, diluted 
in PBS pH 7.2, as outlined in Table 8. The control cells 
although, not s~nsitized with IgG. were treated i~ a similar 
way. 
After sensitization the cells were again washed twice in 
either l in 100,or l in 200 inactivated and absorbed normal 
rabbit serum in PBS, and were finally resuspended at 2.5%. 
The sensitized cell ; preparationswere found to be stable 
a at 4 C for two days. 
Preparation of normal rabbit serum (NRS) and Test Sera. 
Both NRS and test sera were heat inactivated by heating to 
56°C for 40 minutes, and were absorbed with the tanned 
uncoated SRBC's (Control cells) in order to remove heterophile 
agglutinins. An equal volume of the control cells was added 
to the sera, at room temperature. and after 10 minutes the 
cells were removed by centrifugation. 
Titration of the Test Sera. 
Twofold dilutions ( 50 ~ l) of the sera were made in the 
NRS-PBS diluent in U shaped perspex microtitre plates 
(Cooke Instruments, Zurich, Switzerland). One volume 
( 10 p.. l) of the coated cells was then added to each 
test well, the plate gently agitated, covered with 
paraWilm and left at room temperature overnight. Serum 
controls consisting of one volume of the rabbit sera at 
the initial dilution and one volume of tanned uncoated 
66. 
cells, and cell controls were also prepared. Cell controls 
consisted.of coated and uncoat~d cells diluted in the 
diluent. 
Agglutination indicated by a complete carpet of cells 
covering the bottom of the wells, was graded.as outlined 
in Daniel & 5tavitsky(l964). Nan-agglutinated cells formed 
a compact button at the bottom of the well. The last 2+ well 
in the series was found to provide the most reliable 
endpointe 
F. METHODS FOR THE DETECTION OF ANTI-TRYPANOSOME 
ANTIBODIES. 
1. Indirect Immunofluorescence. 
Antibodies directed against the exoantigens of trypanosomes 
were detected by immunofluoreseence (Williams et al 1963, 
Kimber 1966). Viable trypanosomes at a predetermined 
4 
optimal concentration of 3 x 10 /ml (20p1) were placed 
in each well of teflon coated multispot glass slides 
(Goldman 1968, Kidby 1974). Stabilcl.tes of the organisms 
kept in liquid nitrogen were used throughout the test. 
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The trypanosome droplets were air-dried and then fixed 
with absolute methanol for 10 minutes. Both acetone and 
5% formalin were found to be unsuitable as fixative reagent 
The slides were then washed in PBS pH 7.6 for 5 minutes. 
To each test well one drop of twofold diluted rabbit 
serum was added, and to each control well one drop of 
twofo.ld diluted control serum was added with standardized 
glass droppers. The slides were then placed in a humid 
chamber, and left at room temperature for 20 minutes. 
After incubation the antiserum was rinsed off and the 
slides washed for 30 minutes with PBS pH 7.6, in a slide 
st~ining dish over a magnetic stirrer. 
After allowing the.slides to air-dry one·drop of either 
dilute fluorescein conjugated sheep.anti-rabbit immuno-
globulin serum (Wellcome Research Labs, Beckenham, 
England} or dilute fluorescein conjugated goat anti 
rabbit IgM anti serum (Cappel Labs. Inc., 
\.,J 




of the fluorescein conjugated antisera were pre-determined 
as outlined below. 
Reaction of the antigen-antibody complexes with the 
f luorescein reagent proceeded for 20 minutes in a humid 
chamber at room temperature. The slides were then rinsed 
and washed as before for 2 hours with several changes of 
buffer. After air-drying the slides were mounted in 
buffered glycerol, and viewed under a Zeiss fluorescent 
photomicroscope. 
Illumination was provided by a CSI 250 W metal-halide lamp 
(Philips, Holland), with a spectral emission &S ~Fig 5. 
A BG 12 (Schott & Gen, Mainz, W. Germany), primary filter 
and two OG (Schott & Gen, Mainz, W. Germany} secondary 
(barrier) filters excluding UV-blue light were used. 
(See Fig. 6). 
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Determination of the Working Dilution of Fluorescent Reagents. 
Slides were prepared and treated as outlined above, using a 
single dilution of test and control sera, and twofold dilutions 
of the fluorescent reagent. Tne working dilution of the 
fluorescent reagent was the highest dilution which gave 
intense specific staining with negligible background 
staining. 
2. Direct Immunofluorescence with Rabbit IgM 
Difeo latex particles diluted l in 2.5 in glycine-saline 
buffer pH 8.2 were coated with rabbit IgM at a final 
concentration of lmg/ml. A drop of the coated latex was 
air dried on a glass slide, fixed with methanol for 10 
minutes and was treated with fluorescein. conjugated sheep 
anti rabbit immunoglobulin serum. After 20 minutes the slide 
was washed for 1 hour with PBS pH 7.6, and viewed under the 
fluorescent microscope. 







Fig. 6. Spectral transmission of the primary {BGl2) and 
secondary (OG 4) filters. 
3 Direct Agglutinati~n. 
Direct agglutination was performed by a modification 
of the method of Cunningham & Vickerman (1962). 
To each of 48 wells on a teflon coated glass plate 
70. 
prepared as outlined previously, 20 p.. l of diluted serum 
was added. An equal volume of purified trypanosomes 
B trypanosomes/ml) infected blood (2.5 x 10 or 
containing 107 trypanosomes/ml was then added to 
each well, and the plate was incubated in a humid 
chamber for 50 minutes at room temperature. The 
agglutination was observed under a dissecting 
microscope (x40), and graded according to 
Cunningham & Vickerman {1962). Ag~lutination of "l" 
was used as the end point. 
Ga METHODS FOR THE DETECTION OF AUTOIMMUNE ANTIBODIES 
1. Micro Co~plement Fixation. 
Micro complement fixation was carried out by the 
method of Bradstreet & Taylor (1962). 
Preparation of Reagents. 
Titration of Haemolytic Serum and Complement 
The preparation of complement and haemolytic serum 
must be titrated prior to use. The optimal 
sensitizing concentration of haemolytic serum may 
be defined as that dilution which gives most lysis 
with the highest dilution of complement. The 
complement titre is that dilution of complement which 
contains 3 units of complement ~.e. 3HC50 • 
71. 
One unit of complement is contained in the dilution 
which gives 50% lysis at the optimal sensitizing 
concentration of the haemolytic serum. 
In order to determine the optimal concentration of 
haemolytic serum and the titre of the CJmplement, 
a "chessboard" titration was prepared in a perspex 
microtitre plate (Cooke Instruments Ltd., Zurich). 
Complement dilutions with a 20% difference in 
concentration between them from 
1
/30 to 1 ;179 and 
l 
twofold dilutions of haemolytic serum from /25 to 
1/800 were prepared. Two"volumes of diluent and 
one volume ( 50 ~ l) of complement were then added 
to each well in the microtitre plate such that 
there were six identical rows of complement dilutions 
on the plate. To a seventh row, three volumes of 
diluent were added and the plate was·:.then left 
overnight at 4°C. 
To l ml of 4% SRBC suspension was then added •~ equal 
volume of each haemolytic serum dilution. The SRBCs 
0 
were then sensitized by incubating them at 37 C for 
ten minutes, or at room temperature for 30 minutes, and 
were then left overnight at 4°C. 
The following morning the plate and· the SRBC suspensions 
0 
were incubated for 30 minutes at 37 C, and. 50 ,IA- l of 
each suspension was added to the appropriate row of~ 
wells in the plate. The plate was then incubated for 
30 minutes at 37°C with intermittent agi·tation, and 
0 then placed at 4 C. After approximately 5 hours the 
~ lysis was recorded. 
Twofold dilutions (50 _p. l) of a rabbit serum were made 
in the Ca-Mg buffer pH 7.2 in the microtitre plate. 
One volume of antigen (50.)41) was added to e~ch well, 
such that each row of diluted rabbit serum contained 
one of the serial dilutions of antigen. One volume 
of the complement was added to each well, and the plate 
left overnight at 4°C. 
Antigen~ antiserum and complement controls were prepared 
as follows: 
Antigen Control. 
One volume of each dilution of antigen was 
added to one volume of buffer, and to which 
was added one volume of complement. 
Antiserum Control. 
To one volume of each dilution of antiserum, 
one volume of buffer and one volume of 
complement were added. 
Complement Controls. 
Complement was diluted in buffer such that 
one well contained 3 complement units, one 
well une unit of complement and third well 
t unit of complement. 
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The 43 SRBC suspension was sensitized with an equal volume 
of the haemolytic serum dilution at 37°C for ten minutes 
74. 
0 
and then left overnight at 4 C. The following morning, both 
the plate and the SRBC suspension were incubated at 37°C for 
30 minutes. One volume of SRBCs was then added to each well 
in the microtitre plate, and to a sheep eel~ control well, 
and a further incubation at 37°C for 30 minutes was carried 
out with intermittent agitation of the plate. The plate was 
left overnight at 4°C. 
The optimal dilution of antigen was then determined as the 
dilution giving the most complement fixation with the highest 
dilution of antiserum. The antigen, antiserum controls should 
be negative, and the complement controls graded as 4, 2, 1 
on the following scale: 
0 = no cells remaining_ 
l = 25% cells remaining 
2 - 50% cells remaining 
3 = 75% cells remaining 
4 = 100% cells remaining. 
Titration of Test Sera. 
Test sera were diluted in the micratitre wells ~s before. 
To each well, one volume of the optimal antigen dilution 
and one volume of complement were added. The plate was then 
treated as outlined under the titration of antigen section. 
The antisera titres were taken as the final dilution that 
gave a reading of 2 with the optimal dilution of antigen. 
2. 
75. 
Absorption of Sera with Trypanosomes for Micro 
Complement Fixation. 
Sera from trypanosome infected rabbits were absorbed 
following Mackenzi~·&. Boreham {1974), with crude 
trypanosome antigens. The sera were diluted l in 4 in 
Ca-Mg buff er to which one volume of trypanosome antigens 
was added, and were then incubated at 37°C for one hour. 
A second incubation of one hour at 4°C was followed by 
the removal of the trypanosome antigens by filtration. 
The absorbed sera were maintained at o0 c overnight. 
3. Preparation of Trypanosome Antigens. 
Trypanosomes, purified from terminally infected mice were 
frozen and thawed and finally homogenized with a ground 
glass homogenizer. (Seed and Garn 1967). The crude 
. 0 
antigen fraction so formed was ·stored at -20 C until . 
required. 
4. Prepat&tion of Tissue Antigens. 
Normal and trypanosome infected rabbits were killed, 
and their livers, kidneys ~nd hearts removed as rapidly 
as possible. The organs were placed in weighed beakers 
of normal saline on ice, and the net weight of the 
o~gans calculated. The tissues were homogeniied in 4 ml 
saline/gm of tissue at 4°C using an M.5.E. Atomix blender 
{M.S.E., Crawley, Sussex, England) at t maximum speed 
for 15 minutes. 
-· 
The suspensi9n was centrifuged at 32,000 g for 15 minutes 
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fig. 7. Fractionation pattern of the ammonium sulphate 
precipitate of serum proteins (2 ml) on a Sephadex G200 column. 
The precipitate was derived from lDml serum from trypanosome 
infected rabbits. The column was eluted with O.OSM phosphate 
buffer, pH 7.3, at a flow rate of 24ml/hr. Protein absorption 
was monitored at 280nm, and recorded at a chart speed of lOmm/hr 
IgM fractions between arrows l and 2 were pooled (approximately 
80ml) and ultrafiltrated to Sml. 
Fig. 8. Immunoelectrophoretic pattern of the IgM preparation 
obtained after gel filtration. Goat antiserum to rabbit serum 
proteins di luted t was used in the troughs. Centre well: IgM 
from a Sephadex G200 column; Lower well; purified lgM after 
gel filtration and zone electrophoresis. A faint(){ macro-
2. 
globulin precipitin band may be seen (see arrow). 
78. 
When the parti_;.,ally pure IgM was tested by immunc-
electrophoresis against goat antiserum to rabbit serum 
proteins both IgM and q~macroglobulin precipitin 
bands were visible. (fig. B}. 
from later work (see Table 5), it was estimated that 
lOml of rabbit serum from the peak of macroglobulin-
.aemia contained between 50-60mg IgM. A total of 
2Dmg of partially ~ure IgM was isolated after gel 
filt~ation of the ammonium sulphate precipitaie 
derived from lOml serum. 
The final step in the purification of rabbit IgM was 
zone electrophoresis on a sucrose gBadient. Zone 
electrophoresis (ZE} was initially performed at 
pH 6.1, a pH close to the isaelectric point of IgM, 
in order to reduce the migration rate of the IgM 
relative to that of °'i_macroglobulin and thereby 
achieve better separation. Partially pure IgM (8mg) 
was electiophoresed for three day~ in a sucrose 
gradient prepared with 0.03M phosphate buffer pH 6.1. 
fractions (2ml) were collected manually an~ the 
absorption measured at 280nm, on a Unicam SP 1700 
spectrophotometer. A single protein peak was 
detected, the 3 fractions of which were pooled and 
dialysed overnight at 4°C, against phosphate buffer 
pH 6.1, and finally concentrated to 1 ml by ultra-
filtration. However, on immunoelectrophoretic 
analysis of the undiluted sa~ple no precipitin bands 
were formed ag~inst goat anti-rabbit IgM serum. 
Since pH 6.1 is close to the isoelectric point of IgM, 
and ••• / 
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and in view of its lability, it is likely that the 
IgM was denatured. 
further attempts to purify the IgM by means of zone 
electrophoresis at pH B.6 instead of pH 6.1 were 
conducted. Fig 9 illustrates the fraction2tian 
pattern of 10 mg IgM from a ZE column. fractions 
14-17 were pooled and dialysed overnight at 4°C 
against borate buffer pH 8.6. The sample was 
concentrated to 2ml by ultrafiltration and analysed 
by immunoelectrophoresis. · A single precipitin line · 
formed between the ZE sample and goat antiserum to 
rabbit serum proteins (Fig 10). The position of the 
band corresponded to that of rabbit lgM. 
A total of 2.5mg purified lgM was obtained after zone 
electrophoresis of 10 mg partially pure IgM. Since 
20mg partially pure IgM was obtained after-gel 
filtration of lOml rabbit serum, a total of Smg of 
pure IgM was therefore prepared from lOml serum. The 
I-M 
probable~yield was therefore approximately 10%. 
The sedimentation coefficient of the IgM was determined 
as 17.95 by analytical ultracentrifugation. 
Anti rabbit IgM antiserum was prepared by injecting 
this material into a goat. ~hen the resulting goat 
antiserum w2s tested by immunoelectrophoresis against 







I used for immunization was still contaminated with traces 1 
l. 
of d.,_ macro globlulin andj3 lipoprotein. For this reason ! 
attempts were made to improve the purity-by 
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fraction Number 
Fractionation pattern from a zone electrophoresis 
column. IgM (lOmg) obtained after gel filtrationt was electro-
phoresed for 3 days in a sucrose gradient prepared in borate 
buffer, pH 8.6. Fractions (2ml) were collected manuaily; the 
absorbance at 280nm was measured on a Unicam spectrophotometer. 
+ 
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Fig.10 Immunoelectrophoretic pattern of the IgN preparation 
after zone electrophoresis. Goat anti rabbit~'intiserum diluted 
" f was placed in the upper trough 7 and goat antiserum to rabbit 
serum proteins diluted f was placed in the lower trough. The 
well contained the IgM preparation obtained after zone 
electrophoresis. 
increasing the ZE time from 3 days to 4 or 5 days. 
These attempts were unsuccessful owing to the 
considerable denaturation of IgM which occurred 
during ZE. 
All IgM isolated for the ~rk in this thesis was 
prepared by a combination of gel filtration method 
(See Fig 7) and ZE at pH 8.6 for 3 days, unless 
otherwise stated. 
b. Purification of IgM from serum by polyethyleneglycol 
(PEG) precipitation. 
Because of the inadequate purification of the lgM by 
the method outlined in the preceding section an 
alternative method was tested. Immunoglobulins were 
precipitated from rabbit serum by 4% PEG {Polson et al 
1964), and were then separated by gel filtration on 
Sephadex G200 (see flow diagram in Fig ll). 
When the IgM sample collected from the Sephadex G200 
column was tested by immunoelectrophoresis the 
preparation appeared pure (Fig 12). The purity, 
however, was not confirmed by the immunization of a 
goat or rats, since insufficient IgM was obtained. 
81. 
The rabbit serum (5ml) used in the precipitation 
experiment was collected from rabbits at the peak of 
infection and was estimated from later work {See table 5) 
to contain between 25mg and 30 mg IgM. A total of 
D.7mg IgM was obtained after gel filtration. 
(See flow diagram in Fig. 11). 
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Figure 11. Procedure for the isolation of rabbit IgM from 
the serum of trypanosome infected rabbits, 
by the PEG precipitation method. 
Rabbit serum from trypanosome infected 
rabbits (5ml) containing an estimated 
25mg/IgM. 
l 
Addition of 3 volumes (15ml) of O.OSM 
Phosphate buffer pH 7.3 and addition 
of PEG (6000 daltons) to final 
concentration of 43 
l 
Left at 4°C for 30 minutes 
l 
Centrifuged at 5000rpm, for 15 minutes. 
l 
Precipitate redissolved in 
2rnl saline. 
j, 
Sephadex G200 column 
! 
I 
IgM fractions concentrated by 
ul trafil tration with XM too. membrane 
to 1 ml. 
l 
IgM analysed by irnmunoelectrophoresis 
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Fig. 12 Immunoelectrophoretic pattern of the IgM preparation 
obtained by PEG precipitation of rabbit serum. Upper trough: 
goat anti rabbit IgM antiserum t (Ca~pel Lab.Inc., Downingtown, 
P.A.,); Lower trough: goat anti rabbit IgM antiserum 
(undiluted); Upper well: rabbit lgM after gel filtration; 
Centre well: rabbit IgM obtained after PEG precipitation of 
rabbit serum and·gel filtration (see Fig.11). No\macroglobulin 
precipitin band can be seen. Lower well: serum from a 
trypanosome infected rabbit. The precipitin band formed by the 
c<.a..macraglobulin is clearly visible (see arrow 4). 
Arrow 1: IgG; Arrow 2: IgM; Arrow 3: j'i lipoprotein. 
Fig. 14. lmmunoelectrophoretic pattern of the lgM preparation 
purified by PEG precipitation. (See Fig. 13). 
Upper trough: goat antiserum to rabbit serum proteins diluted~ 
Lower trough: goat anti rabbit IgM antiserum diluted 1 /8. 
84. 
c. Purification of IgM from a gel filtration f~action by 
PEG precipitation. 
In an attempt to increase the yield of purified IgM 
using the 4% PEG method, precipitation was performed 
on partially pure lgM prepared by gel filtration on 
Sephadex G200 (see flow diagram in Fig.13). 
The IgM appeared pure by immunoelectrophoresis against 
goat anti rabbit serum (fig 14), i.e. theata.macroglobulin 
concentration was below the level of detection. No 
immunization experiments were conducted. 
A final IgM ~uantity of 0.7mg was obtained after PEG 
precipitation of 4.6mg parti~lly pure IgM. 
The methods outlined in Sections lb and le were found to 
be unsuitable for use in the preparation of IgM 
standards, in view of ~he poor lg~ yields. 
With the assistance of Dr. A. Polson another method using 











preliminary experiments. Immunoglobulins were 
t 
precipitated r 
from 30-50ml rabbit serum by two successive 4% PEG f 
precipitation steps and were separated by ultra-
centrifugation in a thin layer rotor (Polson 1971). This 
was followed by zone electrophoresis in a sucrose 
gradient at pH 8.6 for 3 days. Preliminary results 
from two experiments indicated that considerable 




















Figure 13. Procedure for the purification of rabbit IgM 
obtained after gel filtration on a G200 column, 
by the PEG precipitation method. 
lOml Partially pure IgM (2.3mg/ml 
prepared-by gel filtration and 
ultrafiltration from 15ml serum 
from trypanosome infected rapbits. 
2ml partially pure Igm 
to which was added 6ml 0.06M 
Phosphate buffer pH 7.3 and 
PEG to final cone. of 4% 
l 
Left at 4°C for 45 minutes 
! 
Centrifuged at SOOOrpm for 
15 minutes. 
l 




Bml partially pure IgM 
1 
Stored at -18°C. 
i 
Supernatant discarded 
IgM analysed by immunoelectrophoresis. 
86. 
2. P~rification of IgM 5 (Monomeric IgM}. 
In view of the difficulty in purifying sufficient 
195 IgM of a suitable quality for antiserum production, 
attempts were made to purify and use monomeric IgM for 
this purpose. Furthermore 75 IgM was required as a 
standard for quantitative gel diffusion. Since«z.macro-
globulin and 75 IgM can be separated on the basis of 
size by gel filtration, it was thought that the 
production and isolation of IgM 5 (artificially produced 
monomeric IgM) would provide a suitable IgM purification 
method. This method, ho.weyer, requires that the 
ct:a. macro globulin should remain stable in the presence 
of the reducing agents used to dissociate IgM. Three 
methods were used in attempts to reduce 195 IgM. 
a. Cysteine reduction of IgM 
IgM {3mg) prepared by gel filtration and zone 
electrophoresis methods was reduced with O.DSM 
cysteine in D.lM Tri,;.buffer B.6, at room temperature 
and then alkylated with O.DBM Iodoacetamide. The 
reduced sample was examined by analytical ultra-
centrifugation, and found to contain 4 components 
(Fig 15A & 15B). Two of the components were lgM 
aggregates present in approximate concentrations of 
0.2mg/ml and disappeared from the schlieren ~atterns 
after a few minutes. The remaining components had 
sedimentation coefficients of 16.7 and 6.1, with the 




fig.15. Ultracentrifugation patterns of purified IgM reduced 
with 0.05M cysteine, and alkylated with O.OBM iodoacetamide. 
. 0 
Phase plate angle was 60 • A, IgM preparation immediately after 
reaching ~ull speed (56,000 rpm}; B, IgM preparation, 8 minutes 
after reaching 56,000 rpm. 
c. 
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Attempts were made to separate the reduction products 
on a Sephadex G200 column, but only a single peak was 
observed, when the abso~rtion of the eluate was 
monitored at 280nm (Fig.16). The fractions of this 
peak were pooled {approximately 7Dml), concentrated to 
lml by ultrafiltration and analysed by analytical 
ultracentrifugation. Only a small 195 schlieren peak 
( 
was present. Presumably this was composed of 
reassociated monomers and/or unreduced lgM. 
.I
I 
Considerable lgM loss occurred during the 9el filtration I 
Purification by alternative methods, ~f the step. 
75 IgM formed by cysteine reductio~ was not tried. 
b. Mercaptoethanol reduction of IgM 
Rabbit IgM (2ml) at a concentration of 2mg/ml 
prepared by gel filtration and zone electrophoresis 
was reduced with an equal ~olume of O.SM mercaptoe-
thanol for 1 hour at 37°C. The reduction products 
were concentrated ta 0.5ml by ultrafiltration, with an 
XM 50a Arnicon membrane and analysed by analytical 
ultracentrifugation. Examination revealed a major 
component with a sedimentation coefficient of 
approximately 185, and smaller amounts of more 
rapidly sedimenting material. An attempt was made 
to separate the components on a sucrose gradient, 
but poor separation was achieved. 
Dithiothreitol reduction of purified IgM 
Purified IgM {3mg/ml} was successfully reduced 
with 2mM dithiothreitol (DTT) and alkylated with 
3mM iadoacetamide. An aliq.uot ( 0 .15ml) of the 
reduced IgM was layered on each. of 6 sucros~ 










• • .;. j • ' • :. ••••••••••• ·- ·-··· • ..._... 
ut9 ~"A.a S1'0CICHCM.M.·1Wa 
I- .L 




. lU I i : i · 
. U ' .... ' I 
---· -~--t--~.--i---~! --1.,-~---'--+--l---+--+--+-+fl!t-+--l---<--+--1---+---4 
: a:i i . i ! . I 
~ . i . 
i 1- - - -. 
I ! ! 
. l j ! 
-'--'-~1~e~e~·--.J_--'l:JU\.i..:J..JL1JJ:L...-.lC'lLW1UH:~-L-_i._.i__---1.e&-.J-__:_,..!....__JL_-L_l--1. 
1 l ~ . I J J J I I 
89 
fig. 16. Fractionation pattern of cysteine-reduced IgM after 
gel filtration on Sephadex G200. The column was eluted with 
0.05M phosphate buffer pH 7.3, at a flow.rate of 24ml/hr., 
and absorbance was monitored at 280nm. The position of the 
peak corresponded to that of the 195 components (See fig.7). 
90 
11v.::1c111tt:"t..aTATtf".N c:.t.oi::-r1.a.1 T1=c: rn '1Nrn1 M .. !i:- II c:; A • ~ 
fig. 17. Fractionation pattern of dithiothreitol-reduced IgM 
after sucrose density gradient centrifugation. The gradient 
was fractionated at 3ml/min with an !sea density gradient 
fractionatbr (Isco, Lin~oln, Nebra~ka); the absorbance (2BOnm) 
was recorded at a chart speed of l50cm/hr. 
~ .L. 
gradients and centrifuged for 24 hours at 26,000 rpm. 
The density gradient fr3ctionation pattern measured 
by absorbance at 280nm can be seen in Fig.17. The 
position of the oligomeric IgM corresponded to that~ 
of the 13.45 IgM produced by DTT reduction of serum 
(see section A, 2, d ·~ · } • 
d. DTT reduction of the 195 IgM present in serum. 
Reduction and alkylation of lml of serum obtained from 
a rabbit at the peak of the infection was achieved. A 
schlieren pattern of the reduced serum showed both a 
13.45 peak and more slowly sedimenting material, but 
no 195 peak. This indicated the likelihood of 
O<.a.macroglobulin denaturation under the reduction 
conditions. 
fig. 18 Immunoelectrophoretic pattern of monomeric (75} .IgM 
(0.5mg/ml) {see arrows) produced by dithiothreitol reduction 
of purified IgM. 
Upper trough, goat antiserum to rabbit serum proteins dilutedt 
Lower trough, goat anti _rabbit IgM antiserum diluted 
1 /4. 
. ' 
CATALOG No. OSOSU • • r.t.AOE m CAiP. 
fig.19. fractionation pattern of O.lml serum, after sucrose 
f 
~o.b~l­
~ensity gradient centri§ugatian. The serum was obtained ram . ,.. 
5, nine days after infection with T. eguiperdum. 
The gradient was fractionated at 3ml/min, and the absarbance 
{280nm} was recorded at a chart speed. of 150cm/hr. 
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Reduced serum (O.lml) wa~ centrifuged on each of 
3 sucrose gradients at 26,000 rpm, and the material 
located at the level of 195 components was collected. 
Despite concentration of this material ta 0.2ml, no 
~~macroglobulln precipitin bands were observed by 
immunoelsctrophoresis against goat antiserum ta 
rabbit serum proteins. It is not known whether the 
denatured macroglobililin sedimented in the 13.45, 75 
or in an alternative position. 
3. Fractionation of Serum by Density Gradient Centrifugation. 
Both 75 and 195 serum fractions were required for IgM 
quantitation, anti trypanosome antibody assays and 
complement fixation tests. The fractions were prepared 
by layering O.lml of serum on each sucrose.gradient, and 
0 
centrifuging for 24 hours at 26000 rpm and at 4 C. After 
fractionation with an Isco fractionator the 75 and 195 
fractions were dialysed against phosphate buffered saline 
0.05M pH 7.3 (or normal saline if they were to be used 
for ultracentrifugation.), and were each finally 
concentrated to lml by ultrafiltration. In fig~l9 the 
analysis of a sucrose gradient, on which O.lml of the 
serum from rabbit 5 at day 9 was centrifuged, is shown. 
The 195 fractions were analysed by immunoeiectrophoresis 
to determine·whether th~y wer~ completely fre~ of IgG 
(Fig.20). No IgG was detected but a faint precipitiri 
line could be seen with ~macro globulin. 
\ 
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Fig.20. Immunoelectrophoretic pattern of the 195 fraction 
obtained after density gradient centrifugation of O.lml serum. 
Both upper and lower troughs contained goat antiserum to 
rabbit serum proteins, at a dilution of t and undiluted 
respectively. 
. . 
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fig. 21. Immunoelectrophoretic pattern of goat anti rabbit 
lgM anti-serum against normal rabbit serum and rabbit IgM. 
U~per well, IgM preparation after PEG precipitation and 
gel filtration (see fig.12); Lower well, normal rabbit serum. 
The goat anti rabbit IgM anti-serum was used undiluted. 
B. PRODUCTION OF ANTISERA. 
l. Preparation of Goat Anti Rabbit IgM Serum. 
Goat anti rabbit IgM serum was produced by the 
im~unizaticn of a goat with IgM ~urified by zone · 
electrophoresis. The reactivity of the antiserum 
obtained from the third bleed of the goat was 
analysed by immunoelectrophoresis against normal 
rabbit seru!Jl, (Fig. 21). 
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The antiserum reacted not only with rabbit IgM, but 
also with rabbit I gG, cC~ macro globulin and fi lipoprotein 
Attempts were therefore made to absorb those antibodies 
directed against ct,_ macroglobulin, /9 lipoprotein and 
those cross-reacting with rabbit IgG in order to 
produce a p chain specific antiserum. 
a} Absorption of the antiserum.with rabbit IgG. 
The goat antiserum was absorbed for l hour at 
team tempe~ature with rabbit IgG at a concentration 
of l,Smg/ml, and was retested by immunoelectro-
phoresis to determine whether it still reacted 
with IgG and IgM. The IgG absorbed the antibodies 
to the light chains, but a precipitin band was 
still farmed with IgM (fig. 22). 
The goat antiserum absorbed with IgG was used in 
quantitativ~ gel diffusion tests at a dilution df 
1/4. At this dilution the antiserum acted as a 
monospecific IgM antiserum. s±nce all the 
o<.~ macro globulin and fi lip op rot ein antibodies had 
been diluted out. In rocket electrophoresis 
experiments ••• / 
fig. 22. Immunoelectrophoretic pattern of the goat anti 
rabbit.lgM antiserum absorbed with rabbit IgG. 
Upper trough: goat anti rabbit lgM antiserum. 
Lower trough: goat anti rabbit IgM antiserum absorbed with 
IgG. 
Centre well: rabbit IgG and rabbit IgM. 
fig. 23. Immunoelectrophoretic pattern of the goat anti 
rabbit IgM antiserum absorbed with rabbit neonatal serum. 




goat anti rabbit.lgM antiserum. 
partially pure rabbit IgM. 
...._, .. 
. .,. -~ . 
Fig. 24 Immunoelectrophoretic pattern of rabbit neonatal 
serum. 
Top and bottom wells: purified IgM. 
Centre well: neonatal rabbit serum {undiluted). 
The upper trough was filled with goat anti serum to rabbit 
serum proteins diluted f, and the lower trough with goat 
anti rabbit IgM antiserum (undiluted).· 
c) Absorption of the goat anti rabbit IgM serum with 
dialysed NRS. 
When normal rabbit serum (NRS) is dialysed against 
distilled water for three days at 4°C, the IgM 
precipitates out and may be removed by centrifugation, 
(Deutsch & Morton 1958). Providing all_ the IgM could 
be removed without removing the ola.. macro globulin from the 
supernatant, it was thought that dialysed NRS could be 
used to absorb the anti d
2 
macroglobulin antibodies and 
the anti,S lipoprotein antibodies from the antiserum. 
Equal volumes of dialysed NRS and goat antiserum were 
mixed at room temperature for l hour and the absorbed 
antisexum tested against IgM by immunoelectrophoresis. 
Results indicated inadequate removal of the IgM from 
the NRS, since all the anti IgM antibodies were 
absorbed from the goat antiserum ie. there was no 
precipitin band formed against IgM. 
d) Attempts to isolate ~~macroglobulin for absorption 
experiments. 
Attempts were made to purify ~macroglobulin from lOml 
99 
of rabbit serum for absorption experiments, by dialysis 
against D.12mM acetate buffer pH 5.4 (Brown et al 1954). 
From IE studies it was found that IgM and small quantities 
of ~Lmacroglobulin were precipitated during the dialysis. 
Absorption of the antiserum with the precipitate was 
not carried out. 
lUO. 
2. Preparation of Goat Anti Rabbit Serum. 
Goat anti rabbit serum was produced by immunizing a goat 
with normal rabbit serum proteins. The antiserum was 
found to react with at least 20 serum proteins by IE, 
and in this technique was thereafter used at dilutions 
from t to 1/16. The antiserum was used at a dilution 
of l/256 in rocket IE experiments. 
3. Prepara~ion of Goat Anti Rabbit IgG Serum. 
The goat antiserum produced by injection of 14mg of rabbit 
IgG was absorbed with rabbit IgM at a concentration of 
l.25mg/ml serum. After absorption the antiserum was 
still not specific for rabbit IgG, precipitin reactions 
also occurring with glycoproteins and Transferrin. 
However, the antiserum was used at a dilution of 
1
/6 in 
gel diffusion tests, at which only IgG precipitin 
bands were visibls. 
C. QUANTITATION OF RABBIT IgM. 
l~ Determination of IgM Concentrations by Quantitative 
lmmunoelectraphoresis. 
The concentration of IgM in the serum of two rabbits 
infected with T. eguiperdum was measured by quantitative 
immunaelectropharesis. Twofold dilutions of the sera of 
the rabbits were electraphoresed in 1% agarose in Tris 
buffer pH 8.1, 0.025M far it hours. Precipitin bands 
formed against goat anti rabbit IgM serum C1/4 dilution) 
were allowed to develop overnight. The slides were washed, 
and stained with Coomassie R250 stain. 
101. 
Results indicated an increase in the IgM concentration 
from l.5mg/ml at day 3 to a maximum of 6mg/ml at the 
peak of the infection, the concentration decreasing 
thereafter to 2mg/ml. ln view of the large inherent 
error in the technique, estimated to be at least 50%, 
these results were only considered as preliminary 
quantitative indications of increased IgM concentrations 
at the peak of the infection. More accurate measurements 
by quantitative gel diffusion, analytical ultracentrifu-
gation and rocket IE were then conducted. 
2. Determination of IgM Concentrations by Gel Diffusion, 
Ultracentrifugation and Rocket IE. 
The concentration of a purified IgM (195) standard, used 
in the gel diffusion calibration curve, was·determined 
by measuring the area under the schlieren peak, and by 
comparing it with the area obtained when a standard 
bovine serum albumin preparation was'·ultracentrifuged. 
The 195 IgM calibration curve was then prepared by gel 
diffusion of twofold dilutions of the purified IgM 
against a constant goat anti rabbit IgM antiserum at 
a dilution of 
1 /4 (Fig. 25A & 25B.). 
in the standard curve are, therefore, 
The IgM concentrations! 
relative to the r 
original IgM concentration which was determined by I 
analytical ultracentrifugation. ; 
IgM concentrations in the sera of a total of 6 infected 
rabbits were determined by both gel diffusion and by 
analytical ultracentrifugation. Initially the IgM 
concentrations in the sera and 195 fractions ·of 3 rabbits 
(Rabbits 1-3) were measured at 3-5 day intervals, 
starting from the day of inoculation. It is important 





















Neg. log2 lgM Cone. 
-··· -~ ---~ . ..:...:.. _;_·-.. 
Wuantitative double immunodiffusion with 
rabbit lgM. 
10;2.. 
Pict df distance of precipi tin band from am:igen meniscus 
against negative logarithm of IgM (75, 195) concentration. 
IgM preparations (Bmg/ml) and goat anti rabbit IgM antiserum 
diluted 
1/~ were used for the tests. Each point is the means 
of dupli~ate determinations. 
195 lgM A_. 7S lgM 
fig. 25 B. Quantitative double immunodiffusion with 
rabbit IgM (195). The top section of the apparatus 
contained a series of twofold dilutions of purified 
IgM; the middle section contained 0.75% agarose and 
the bottom holes contained goat anti rabbit IgM antiserum 
diluted 
1
/4. B~nd positi~n is_ a linear function of the 
logarithm of the ratio of antigen ta antibody concentration. 
to note that these rabbit sera had been stored at 
-16°C for 1-2 months prior to the IgM determinations 
being performed. Results obtained from these three 
rabbits by quantitative gel diffusion ~nd analytical 
ultracentrifugation are presented in Table 3. 
104 
The IgM concentrations increased from an average of 
l.lmg/ml at day 0 to an average concentration of 
16.Dmg/ml after day 17 when measured by gel diffusion, 
and from l.4mg/ml to 7.2mg/ml when determined by 
measuring the areas under ~he schlieren peaks. Thus 
there was little similarity between the IgM concentrations 
determined by the two methbds at the peak of the 
infection, particularly as the concentration of IgM 
was overestimated due to the presence of "-a. macroglobulin 
in the 195 schlieren peaks. The agreement between 
the IgM concentrations in the sera and 195 fractions 
of rabbits 1-3 when measured by gel diffusion was also 
poor. In fact the 195 fractions in rabbits l and 3 
ftequently had higher 1gM concentrations than the 
corresponding sera, despite the IgM losses that 
occurred during the fractionation procedures. 
A likely explanation for the general lack· of agreement 
betwe~n the IgM concentrations in the sera and 195 
fractions determined by quantitative gel diffusion and 
ultracentrifugation, was the presence of IgM degradati6n 
products, existing in differing amounts in the various 
sera and 195 fractions. IgM degradation may have 
occurred, both during the fractionation and the storage 
of the sera. The products so formed would diffuse far 
more ~uickly ••• / 
105 
TABLE 3 
Concentrations of IgM and 195 serum components 










5 er um 195 . Serum 
Rabbit l 0 1.1 1.0 
3 1.1 0.9 
6 1.1 1.1 
11 4.0 2.7 
13 a.o 5.1 4.0 
17 9.7 8.0 5.1 
21 14.6 19.3 a.1 
24 14.2 20.4 8.9 
27 10.2 6.0 6.2 
Rabbit 2 0 0.6 1.7 
3 1.4 1.9 
6 1.6 
11 4.0 3.7 
13 10.2 4.5 3.2 
17 14.2 8.0 4.3 
21 10.8 8.5 4.7 
·24 9.7 11.4 5.1 
27 8.0 4.0 5.4 
Rabbit 3 0 1.7 1.4 
3 2.1 1.6 
6 1.5 
11 4.5 1.9 
13 8.5 4.8 
17 13.l c 6.4 
21 19.0 6.3 
24 14.5 6.8 
27 8.8 7.4 
a Values are from duplicate measurements made in the 
apparatus depicted in Fig 25B, and are calculated 
from a standard calibration plot obtained with a 
purified IgM preparation. 
b. Values are from triplicate measurements of areas under 
195 schlieren peaks. 





















mare quickly than 195 IgM in the gel diffusion tests; so 
that falsely elevated IgM concentrations were determined 
when the band p~sitians were compared with those of 195 IgM 
standards. This suggestion was supported by both the 
comparison of 75 and 195 IgM standard curves (Fig. 25A), 
and the closer agreement between the IgM concentrations 
determined by gel diffusion and ultracentrifugation in 
freshly obtained sera (Rabbits 4-6). The concentrations 
of 75 IgM (rabbits 1-3) were measured by gel diffusion 
with reference to the standard curve {fig.25A) prepared 
with monomeric IgM formed by DTT reduction of 195 IgM. 
The 75 IgM concentrations ranged from l.3mg/ml at day 17 
to a maximum of l.9mg/ml at day 21. Since IgM (75) 
precipitin bands were not formed by gel diffusion of the 
75 fractions of rabbits 4-6 {diluted t> it is likely 
that the 75 IgM in rabbits 1-3 was formed as a result 
of 195 IgM breakdown. 
The concentration of IgM (195) in the sera (rabbits 4-6) 
increased from D.6mg/ml at day 0 to an average concentration 
of 5.3mg/ml at day 21 when measured by gel diffusion, and 
from l.5mg/ml to 6.7mg/ml at day 21 when determined by 
analytital ultracentrifugation {see Table 4). There was a 
better correlation between the 195 IgM concentrations and 
the serum concentrations than in the previous set of results 
(Table 3), although there was still a considerable loss of 
IgM during fractionation. In a comparison of the IgM 
concentrations obtained by immunodiffusion and from 
measurements of the schlieren peaks, it must be noted that 
~1 macroglobulin was present in the 195 schlieren peaks 





Concentrations of IgM and 195 serum components 












































Rabbit 6 0 0.7 
2.0 







a. Values are from duplicate measurements made in the 
apparatus depicted in Fig. 25B, and are calculated 
from a standard calibration plot obtained with a 
purified IgM preparation. 
b. Values are from tr~plicate measurements of areas 
under 195 schlieren peaks. 
1.2 
2.3 
and that this resulted in an overestimation of IgM 
concentrations by the ultracentrifugation method. 
Attempts were made to reduce the 195 IgM in rabbit serum 
with DTT and to measure the~ macraglobulin content by 
analytical centrifugation. DTT was, however, thought to 
have reduced the ~ macroglobulin since on analysis of 
the ~educed serum, no 195 peak was evident. 
108. 
Fig. 26 shows the changes in the levels of 195 components 
calculated from the ultracentrifuge diagrams in rabbits 1-6. 
The concentrations of the 195 components increased after 
day 6 to reach a maximum at day 24. 
The IgM concentrations in the sera of rabbits 4-6 were 
~lso measured by rocket IE. A calibration curve was 
constructed by measuring the peak heights of 6 IgM 
standards (0.5 - 3 mg/ml), after electrophoresis ior 16 
hours in l~ agarose, containing a final dilution of 1 /256 
of goat anti rabbit IgM serum (Fig. 27A & 27B). 
Duplicate runs were then carried out on t and 1 /4 dilutions 
of the sera, and the heights of the peaks compared with 
those of the IgM standards (Fig 28). The results obtained 
by rocket IE are compared with those of gel diffusion. 




















3 6 9 11 13 17 21 24 27 
DAYS AFTER INFECTION 
Fig. 26. Concentration of IgG and 19 S serum fraction 
during T. eguioerdum infection in the rabbit. Each point 
is the mean of 3-6 measurements on different animals 
+ standard deviation. The amount of IgG was obtained from 
double ±mmunodiffusion tests and the 19 S fraction by 










0.5 1.0 1. 5 2.0 2.5 3:0 
lgM (mg/ml) 
Fig. 27A. Standard curve of rabbit IgM (mg/ml} against 
peak· height (mm) determined by rocket immunoelectrophoresis 
at 2 v/cm overnight. Goat anti rabbit lgM antiserum was 
used at a final dilut~on of 1/256. Each point is the mean 














fig. 27B. Rocket immunoelectrophoresis performed at pH B.B 
in 1% agarose. IgM standards (0.5 ~ 3.0 mg/ml) were 
electraphoreSed against goat anti rabbit lgM antiserum at 
a final dilution of 1 /256. 
\\ 0 .. 





















































































































































































































































































































































































































































































































































































































































































When the amount of IgM was expressed as a % of the total 
protein present in the 195 peaks, the relative proportion 
of IgM increased with time. These results agree with 
previous findings of Kleih et al (1970), namely that in 
T. eguiperdum infected rabbits the concentration of 
d~ macroglobulin remains constant, and that in normal 
rabbits, IgM accounts for about 38% of the material 
present in the 195 peak. The results in Table 5 correspond 
to an approximate tenfold IgM increase, whereas Klein et al 
(1970) reported a sixfold increase of IgM. 
The concentration of monomeric IgM in the 75 fractions of 
rabbits 4-6 was estimated by rocket immunoelectrapharesis 
using reduced IgM as a standard. At the peak of macro-
globulinaemia about 0.5 - l.Omg/ml of monomeric IgM could 
be detected, but because of the difference in electrophoretic 
mobility between native and reduced monomers of IgM 
(Hansson & Laurel! 1970), no attempt was made to determine 
accurately the amount of 75 IgM present in the rabbit sera. 
3. Attempts to Quantitate IgM by Laurell Electrophoresis. 
Attempts were also made to quantitate the 195 IgM in the 
rabbit sera by Laurel! electrophoresis. 
Serum drawn from a rabbit on the 21st day after infection 
with T. eguiperdum was electrophoresed against goat anti 
rabbit serum at a dilution of 1/256 (See Fig.29). Satisfactory 
separation of the serum components was achieved, but the IgM 
peak was partly ouscured by other precipitin peaks 
f 
I 
indicating the necessity of using a goat anti rabbit IgM serum.i 
! 
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Fig. 29. Laurell electrophoresis of serum from a trypanosome 
infected rabbit, against goat anti rabbit serum antiserum at 
l . 
a dilution of /256. Electrophoresis ~as perfor~ed in 1% 
agarose at pH 8.8 for 50 minutes at 6V/cm (first dimension}, 
followed by electrophoresis at lV/cm,overnight. 
Precipitin peaks were stained with 0.5~ Coomassie R250 stain • 
• 
Fig. 30. Laurell electrophoresis of 1.5_,.c.tl formalinized 
(D.l~) serum from a trypanosome infected rabbit, against 
goat anti rabbit IgM antiserum at a dilution of 
1
/256. 
The precipitin peak was stained with D.5% Coomassie R250 
stain. 
Purified I gM ( l µ l of 2. 76mg/m1) -was electrophoresed 
against a 
1
/256 dilution of goat anti rabbit IgM serum. 
The peak, although fairly clear, was incomplete, making 
area measurements difficult. Similarly faint IgM peaks 
were found on electrophoresis of rabbit serum against 
goat anti rabbit IgM serum. 
In an effort to improve the clarity and size of the peaks, 
rabbit sera were formalinized with 0.01%, 0.05%, 0.1%, 0.2% 
and 2.0% formaldehyde, by dialysis against the formaldehyde 
solution overnight at room temperature {Polson 1976). 
Extremely indistinct and unsatisfactory IgM peaks were 
obtained {Fig.30). 
Other attempts to improve the clarity of the peak included: 
1. the use of Ponceau 5, Amide Black, Procion Blue and 
1% Coomassie R250 stains. 
2. longer staining times of 40 and 60 minutes, 
3. the use of precipitin brighteners eg D.5% phospho-
tungstic acid, and 0.5% phospho-molybdic acid (Ren~ & 
Evans 1975) and 
4. finally, the use of the commercially prepared anti 
rabbit IgM serum (Cappel Lab. Inc., DoJlngtown, P.A.) 
I\ 
·In addition the goat anti rabbit lgM serJ!lm, produced in 
the laboratory, was tested at dilutions of l/32 to 1 /1024, 
of which the dilution of 1 /256 was the most suitable. 
The most satisfactory IgM peaks were obtained with the use 
of the precipitin brightener - D.5% phosphotungstic acid 
(PTA) together with 0.5~ Coomassie R250 stain {Fig.31}. 
115ll 
Fig. 31. Laurell ~lectrophoresis of rabbit IgM (Smg/ml) 
against goat anti rabbit IgM antiserum at a dilution of 
1 /256. The precipitin peak was brightened with 0.5% 
phosphotungstic acid and stained with 0.5~ Coomassie 
R250 stain. 
116. 
An IgM calibration curve was prepared using purified IgM at 
concentrations of 2-Smg/ml, using agarose containing goat anti 
rabbit IgM serum at a final dilution of 
1 /256. The areas of the 
peaks were measured by determining the height of the peak from 
the well, and the width at a position of half the height 
(Weeke 1973b). This method was not very accurate, however, 
because of the formation of incomplete IgM peaks, and the 
resultant difficulty in me~suring them. 
comparing the areas of the peaks obtained (Fig.32) with those 
of the IgM standards (Fig. 31 - only one standard is shown.) 
If one compares the results obtained by Laurell electrophoresis I 
with those obtained by rocket electrophoresis (see Tables 5 and f 
I 
6), it is clear that large discrepancies exist between the lgM 
f 
concentrations. The most likely explanation for those l 
discrepancies is the inaccuracy of the area measurements, in f 
Laurell electrophoresis, caused by the formation of incomplete I 
IgM peaks, and for this reason it was decided tbat Laurel! 
electrophoresis was unsuitable for IgM determinations. 
It had been hoped that 75 lgM peaks would be visible by 
Laurel! electrophoresis of serum from trypanosome infected 
rabbits; 75 IgM differs in electrophoretic mobility from 
195 IgM and should form a ~eparate peak. Unfortunately no 
75 IgM peaks were visible o~ electrophoresis of the sera but 
specific attempts to detect 7S IgM were not made. 









IgG concentrations in the sera of trypanosorne infected rabbits . 
1-3 were determined by quantitative gel diffusion using goat 
f . 
i 
l· anti rabbit lgG serum at a dilution of /8. An IgG calibratio~ 
curve •.• / 
11 (. 
TABLE 6 
Laurel! precipitin peak area measurements, and IgM (195) 







































a. Values are from duplicate measurements of the areas 
under the precipitin peaks. 
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Fig. 32. Laurell electrophoresis of the sera obtained at days O, 
9, and 21 (Fig. 32A, 32B, 32C) from a trypanosome infected rabbit 
(rabbit 6) against goat anti rabbit IgM antiserum at a dilution of 
1/256. The plate was treated with 0.5% phosphotungstic acid and 
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Neg. lo9i lgG Cone. 
Fig. 33.A.Quantitative double imrnunodiffusion test with 
rabbit IgG. Plot of distance of precipitin band from 
antigen meniscus against negative logarithm of IgG 
concentration. IgG (Miles ~ab. C.T.) was used at an 
initial concentration of 6.4 mg/ml;goat anti rabbit IgG 
antiserum was used at a dilution of 
1 /s. 
Each point is the mean of duplicate determination. 
110 . 
Ill. 
-~· .. . ~ , . ' . . '~ ' . 
. . . 
. . 
" . .. ' 
Fig. 33B. Wuantitative double immunodiffusion with rabbit IgG. 
The top section of the apparatus contained twofold dilutions 
of lgG; the bottom section contained goat anti rabbit IgG 
antiserum diluted 
1;a. 
Precipitin bands were formed in the centre section which 
contained 0.75% agarose. 
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TABLE 7 
IgG concentrations {mg/ml) in sera from rabbits {l-3} 
infected with Trypanosoma eguiperdum. 
Days after 
infection. Rabbit l 
lgG (mg/ml)a 
Rabbit 2 Rabbit 3 
0 5.0 6.5 a.6 
3 7.9 7.9 10.l 
6 10.l 20.9 
11 21.6 14.4 23.8 
13 26.7 18.0· 28.9 
17 30.3 25.3 31.0 
21 43.3 28.9 44.8 
24 50.5 28.9 56.3 
27 60.6 37.5 54.l 
a .. Values are from duplicate measurements obtained 
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F. THE NATURC: AND QUANTITATION Of Ar ... TI-TRYPANOSGME 
ANTIBODIES IN THE SERA OF T. EQUIPERDUM INFECTED 
RABBITS. 
Anti-trypanosome antibody titres in the sera of trypanosomeJ 
infec~ed rabbits were initially determined by indirect t 
immunofluorescence, using fluorescein-conjugated sheep 
qnti-rabbit immunoglobulin serum at a dilution of 1 /8. 
The average anti trypanosome titres in the sera, and in 
the 195 and 75 serum fractions prepared by density 
gradient centrifugation, of rabbits l-3 are shewn in 
Fig 34. 
Anti-trypanosome activity in the whole rabbit serura 
l. 
appeared 11 days after infection, with t~tres of· /160 
to 1 /320. Normal rabbit serum controls were consistently 
negative throughout the experiment, with titres of l.ess 
than 1 /10. lmmunofluorescent studies on the 195 and 75 
serum fractions, however, showed a complete absence of 
anti-trypanosome activity in the 195 fractions, but 
titres up to 1/BO in the 75 fractions. 
In order to determine whether the anti-trypanosome 
activity present in the 75 fractions was of IgM (IgMN) 
or IgG nature, indirect immunofluorescence was carried 
out usin"g fluorescein conjugated goat anti rabbit_µ. chain 
serum at a dilution of 1/4. No anti-trypanasome 
activity was observed with this antiserum, indicating 
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Fig. 34. Indirect immunofluorescence titres of anti-
trypa~osome activity in rabbits infected with T. eguioerdum. 
A fluorescent sheep anti-rabbit immunoglobulin serum was 
used. Each point is the mean from three sera. 
·-· Se'l"u"'.1 Rabbit 1.-• " 195 fraction.) o -o 7 5 fraction. 
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It was necessary to ensure that both the conjugated 
antisera used, could react with IgM antibodies, since 
the negative results obtained with the 195 fractions 
could otherwise be attributed to the inability of the 
antisera to bind to lgM. The reactivity of the 
fluorescent reagents with rabbit IgM was established 
by direct immunof luorescence on latex particles coated 
with IgM at a concentration of lmg/ml. 
Anti-trypanosome activity in 195 and 75 serum fractions 
of rabbits 1-3 was also measured by a more sensitive 
. 
technique, - micro complement fixation. IgM (195) 
antibody titres against whole trypanosomes reached a 
peak at day 13 with titres of 
1
/1260 and 1 /2560, and 
then decreased in all the animals tested.(See Fig. 35). 
IgG (75) antibodies-appeared in a more erratic fashion 
(Fig 36) and different rabbits showed completely 
different patterns of increase and decrease of the 
IgG levels• 
Confirmation of the anti-trypanosome activity in the 
195 fractions was made by direct agglutination using 
purified trypanosomes as the antigen. IgM anti-
1 -
trypanosome agglutination titres of /640 were observed 
at day 11, the titres decreasing thereafter, in an 
identical manner to those determined by complement 
fixation (See Fig 37). 
Agglutination tests using whole infected blood as the 
antigen (Cunningham & Vickerman 1962) were unsatisfactory. 
owing to the difficulty in detecting agglutination. 
127-
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Fig. 35. Anti-trypanosome complement-fixation titres of 19 S 
serum fractions from rabbits infected with T. eguiperdum. 
Individual results obtained from three different rabbits are 
shown. The antigen preparation used contained 4 x 106 
trypanosomes I ml. 
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Days after infection 
fig. 36. Anti-trypanosome complement-fixation titres of the 
7 5 serum fractions from rabbits infected with T.equiperdum. 
Individual results obtained from three different rabbits are 
shown. 
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Fig~ 37. Anti-trypanosome agglutination titres of the 
195 serum fractions· from rabbits infected with T. eguiperdum. 
Individual results obtained from the same three rabbits as 
in Figs 34, 35, 36. 
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G. THE NATURE AND WUANTITATIDN OF TISSUE AUTOANTIEDDIES 
IN TRYPANOSOME INFECTED RABBITS. 
Autoantibodies to rabbit tissue antigens were detected 
in the sera of trypanosome infected rabbits 2 and 3 by 
micro complement fixation tests. The autoantibody titres 
of rabbits 2 and 3 to liver and kidney antigens obtained 
from both trypanosome-infected and normal rabbits are 
presented in Table 9. Titres are not available for the 
sera of rabbit l since this serum displayed anti-
complementary activity.· 
No difference between the tissue antigens prepared from 
normal or infected rabbits could be detected in these 
tests. 
The data in Table 9 are shown graphically in fig 38. 
Antibody titres to liver antigen increased to a maximum 





titres thereafter decreasing until the death of the 
rabbits (See Fig. 38A). The anti-liver antibody 
activity was present exclusively in the 195 serum 
fractions and not in the 75 fractions, i.e. the auto-
immune antibodies were of 195 IgM nature. 
These results agree with previous findings (Mansfield 
& Kreier 1972a..jMackenzie & Boreham 1974). 
f/J 





















3 6 11 13 17 21 24 21' 
Days after infection 
fig. 38. Anti-tissue complement fixation titres of serum 
( o -o ) , 195 fraction ( • -• ) and 7 S fraction ( D_ -0 ) 
from two rabbits infected with T. eguiperdum. 
l 31 . 
Each point is the mean of two sets of duplicate measurements. 
A: Anti-liver activity. 
B. Anti-kidney activity. 
The results obtained with kidney antigens were similar to 
those presented in fig 38A, with the exception that the 




/40 (Fig. 38B). The titres at 
the peak of the infection are, however, significantly 
higher than those found in T. congolense infected rabbits 
(Mansfield & Kreier 1972~) in which the maximum titres 
were 1/32. 
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Normal rabbit serum controls had complement fixation titres 
of Ys with liver antigen, but of 1 /20 with kidney~antigen. 
The autoantibody titres of rabbits 2 and 3 to heart antigens 
are shown in Table 10. Autoantibodies developed 6 - 11 days 
after infection, and rose to a maximum at the end of the 
infection period, with a mean titre of 
1
/80 •. This titre is 
again higher than that observed by Mansfield & Kreier (1972a) 
in the sera of T. congolense infected rabbits, in which the 
response to heart antigen-was greater than to kidney antigen. 
The development of anti-fibrinogen antibodies was followed 
1 . 
in rabbits 4 - 6. The average titre rose from /20 at the 
1 
start of the infection to /BO at day 21. 
No reduction in any of the anti-tissue activities occurred 
when the sera of rabbit 3 were absorbed with trypanosome 
antigens prior to complement fixation tests. From this it 
is clear that the effective antigens are true autoantigens 
end do not cross-react with trypanosome antigens. 
133. 
TABLE 10 
Reciprocal anti-heart complement fixation titres of sera 












































a Values are from duplicate determinations 
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H. IMMUNIZATION OF RABBITS WITH ACTINOMYCIN D 
INACTIVATED TRYPANOSOMES. 
Initial observations by Klein et al (1970) on the 
production of rheumatoid factors in rabbits infected 
with T. eguiperdum led to the suggestion that infected 
rabbits might form the basis of a model· for investigating 
the nature of rheumatciid factor formation. Another 
possibility was also investigated, namely that rabbits 
immunized with inactivated T. eguiperdum would also 
show increased IgM levels and would provide a more 
successful longterm model than infected rabbits. A 
preliminary series of experiments was therefore carried 
out in an attempt to immunize rabbits against 
T. eguioerdum. 
Purified trypanosomes were inactivated at a concentration 
of 5xl07 trypanosornes/ml/200/"".J·Actinomycin D, for 45 
minutes at 37°C. In the first experiment two rabbits 
were immunized with Sx106 trypanosomes i.e. O.lml of a 
5*10 7 trypanosomes/ml suspension, once per week for 
three consecutive weeks. On the fourth week, a challenge 
injection of lxl0
3 
viable trypanosomes was given i.e. 
O.lml of ~ lxlD4 trypanooome/ml suspension. Both 
rabbits, however, developed trypanosomiasis and died 
within a month of the challenge injection.(See Table ll). 
Control mice were injected with each trypanosome batch 
prior to inactivation, and with the final challenge dose. 
In each case the mice died 3 - 4 days after the injection. 
TABLE 11 








Actinomycin D inactivated trypanosomes. 
No. of 
trypanosomes 
No. of in each 
Rabbits.immunization 
injection 
2 Sx10 6 
2 lxlD 7 
2 lxlD7 





l/week x 3 
l/week x 3 
l/~Jeek x 3 
l/week x 3 




















In the subsequent experiment two rabbits were immunized 
w{th lxl07 inactivated trypanosomes I rabbit, injected once 
per week for three weeks. The trypanosomes were inactivated, 
as before, at a concentration of 5xl07 trypanosomes/ml/20~.J 
Actinomycin D. A challenge injection of 1~103 live 
trypanosomes was given in the week after the final 
immunization injection, and rabbits were observed for 
two months for the development of the disease. No 
symptoms of the disease were manifested in either of the 
two ~abbits and after four months the rabbits were killed 
with Euthabarb (lrnl/3 lbs body weight) (Goldfields Vetinary 
Medical Supplies, Cape Town.) 
A control rabbit was injected with the challenge dose, 
without prior immunization, and died within Jt weeks of 
the injection. 
In a repetition of this experiment using 2 experimental 
rabbits and 1 control rabbit, identical results were 
obtained. 
In order to determine the extent of the protection and the 
effect of an increased challenge dose, a final experiment 
was carried out in which 2 rabbits were immunized w£th 
lxl07 Actinamycin D inactivated trypanoso~es once per 
week for three consecutive weeks. A further 2 rabbits were 
immunized with lx108 inactivated trypanosornes once per week 
for 3 weeks. In both cases the trypanosomes were inactivated 
at a concentration of 5xl0 7 /ml/200~Actinomycin D. 
137. 
On the week following the final immunization injection, 
all 4 rabbits were injected ~ith a challenge dose of 
lxl04 live trypanosomes, and were observed for the 
development of disease symptoms. A control, unimmunized, 
rabbit was injected with the challenge dose of lxl04 
trypanosomes. The 4 experimental rabbits and the control 
rabbit all developed trypanosomiasis and died within 4 
weeks of the challenge injection. 
Unfortunately rheumatoid factors were not detected in 
the sera of infected rabbits,wlth the result that 
rheumatoid factor tests were not carried out in the 
immunized rabbits. 
138. 
V DISCUSSION AND CONCLUSIONS. 
A PURIFICATION OF IgM AND THE PRODUCTION OF ANTISERA. 
The lgM macraglabulins are commonly isolated from serum 
by an initial selective precipitation, followed by 
fractionations based primarily on molecular size or on 
a combination of size and charge. The usual contaminant 
of lgM is\macroglobulin, which is similar to IgM in 
molecular size (820,000 daltons} and in solubility in 
neutral salt solutions, but has a pl of 5.4 as opposed 
to that of IgM which is 6.1. Methods for separation of 
/ 
IgM from the ~macroglobuli~ in the fraction obtained 
from gel filtration are therefore as a~rule based on 
the difference in surface charge eg by zone electrophoresis 
on starch, Pevikon, or agar (Onoue et al 1967}. In the 
present studies, zone electrophoresis was performed in a 
sucrose gradient using a method developed by Polson & 
Cramer (1958) for the electrophoresis of viruses. This 
zone electrophoresis technique was found to have two dis-
aclvantages: one was that the concentr=tion of protein 
placed on the column was limited ta lOmg (total volume of 
2ml): the second was the IgH denaturation, which occurred 
as a result of the long time taken by the electrophoresis. 
Zone electrophoresis in a sucrose gradient, was initially 
performed at pH 6.1, in order to reduce the migration of 
the IgM relative to that of «~macroglobulin, but 
extensive IgM denaturation occurred. Subsequent zone 
electrophoresis was therefore conducted at pH 8.6, with 
less denaturation of IgM. Incomplete separation of IgM 
and ••• / 
and o:i macroglobulin was however, achieved after three days 
electrophoresis at pH B.6. Anti«_ macroglobulin antibodies .z. 
were present in the antiserum produced by the immunization 
of a goat with the zone electrophoresis fraction. 
Since a wide range of IgM mobilities have been reported 
(Kunkel 1960), a broad IgM band could be expected in the 
electrophoresis column. However, in the present 
experiments, only the IgM fractions from the middle of the 
protein peak were pooled and t~sted, which should have 
enhanced purification. (See Fig.9). Since the stated 
elecitrophoretic mobility of ~macro globulin at pH a. 6 
139. 
-5 2 ~l -1 
is 4.2 10 x cm volt sec , and that of IgM at pH 8.6 is 
-s. 2 -1 -1 
2.1 10 - x cm volt sec (Schultze and Heremans 1966}, 
these results could be explained if °'z.macroglobulin also 
has a wide range of mobilities, such that a minute 
concentration of~ macroglobulin has a similar mobility to 
that of IgM and bands in the same position~ However, by 
immunoelectrophoretic analysis of the rabbit IgM purified 
by zone electrophoresis, no~~ macroglobulin nor~ lipoprotein 
were detected, although since both ~macroglobulin and 
~ lipoprotein are extremely immunogenic {Cambier .and Butler 
1974) even a minute trace could have been sufficient to 
stimulate antibody production. 
Incomplete separation of IgM and ()(L macroglobulin after gel 
filtration and electrophoresis in a Sephadex GlOO column has 
also been reported by Van Dalen et al (1967). The removal 
of rabbit oil.. macro globulin from rabbit I gM preparations is 
reported to be ••• / 
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reported to be particularly difficult, and separation 
methods based on selective precipitation with zinc 
sulphate, which were used successfully on cow, pig and 
human sera were inadequate for the purification of rabbit 
IgM (Cambier and Butler 1974). 
Another frequent contaminant of IgM is(J lipoprotein which 
has a molecular weight of 3,200,000, and a pl of 5.4 
------·-. 
(Schultze and Heremans 1966). Removal of '8 lipoprotein 
from IgM preparations is usually by means of. either 
ultracentrifugation, or precip~tation with dextran sulphate. 
In the present studies the first step in the preparation 
of rabbit IgM from the serum of rabbits infected with 
T. eguipe rdum was the removal of~ lipoproteins by 
t "f t" at o0 c. cen ri ug2 .ion It was, however, noted that the 
goat antiserum produced after immunization with IgM 
contained anti,.O lipoprotein antibodies implying that 
traces of f1 lipoprotein remained in the IgM preparation. 
An additional centrifu9ation of dextran sulphate 
precipitation step should have been included in the IgM 
preparationoprocedure, although Van Dalen et al (1967) 
detected traces of ,tJ lipoprotein in the IgM preparation, 
even after two centrifugation steps and a/1 lipoprotein 
precipitation step with dextran sulphate and calcium 
chloride. It is therefore exceedingly difficult to completely 
rernove/J lipoprotein from serum, using this method so that 
absorption of an IgM antiserum with,.<1 lipoprotein is 
probably the most suitable alternative. 
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In view of the inadequate purification of IgM by euglobulin 
precipitation, gel filtration and zone electrophoresis, 
alternative methods were tried. By precipitating rabbit 
serum with 4% PEG at pH 7, it was hoped that only ~ globulins 
would be precipitated (Polson et al 1964). '({globulins 
begin to be precipitated with addition of 2% PEG and with 
6% PEG, IgM is completely absent from the supernatant. 
~~M~croglobulin, on the other hand, could no ldnger be 
detected in the supernatant, at a concentration rif 10 - 12~ PEG. 
( Che~bro and Svehag 1968). (/ lipo~roteins and minute traces 
" of~ macroglobulin may, however, precipitate at 4% PEG and 
such traces would have to be removed by electrophoretic 
w 
means. Polson et al (1964}, hoever, found no D(..z macroglobulin 
I\. 
precipitation at PEG concentrations less than 10%, but 
considerable_,8 component precipitation at PEG concentrations 
between 4 and·l4%. (See Fig. 39). 
The purity of the rabbit lg~ prepared in this study by 4% 
PEG precipitation and gel filtration on Sep9adex G200, was 
determined by immunoelectrophoresis, but this method could 
have left minute traces of both{.& lipoprotein and ~macro­
globulin undetected. The more s•nsitive analytical method, 
i.e. that of immunizing animals with the preparation was 
not carried out. It ~s therefore, not possible to decide 
whether these preparations were of superior quality to those 
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fig. 39. PEG concentration ranges, wh~re the different 
plasma components are precipitated at pH 7. 0 P , fibrinogen: 
c(,
1 
, «.:z., /8 , "1{, the respective globulins; Alb, albumin. 
{Polson et al, 1964). 
Since commercially prepared goat anti rabbit IgM serum 
was not readily available, the antiserum was prepared 
in the laboratory. However, because of the contamination 
of the rabbit IgM a series of absorption experiments were 
conducted on the antiserum. Attempts to remove anti 
~ macroglobulin and anti~ lipoprotein antibodies with 
rabbit neonatal serum were unsuccessful as IgM was present 
in the serum. This was surprising since there is complete 
absence of maternofoetal igM transfer in humans and in 
many animals (Gitlin and Gitlin 1975). It was thought that 
little or no maternofoetal IgM·transfer would occur in the 
rabbit, and that endogenous foetal IgM production would be 
minimal. The observations presented here, have recently 
143. 
been confirmed by Shek and Dubiski (1975), who reported 
maternofoetal IgM transfer, through yolk sac splanchnopleur 
in the rabbit. 
further attempts to absorb the goat antiseru~ with 
~a rnacroglobulin and ,0 lipoprotein failed owing to incomplete 
separation of IgN and ~!flacroglobulin. 
The development of anti etmacroglobulin antibodies during 
the immunization of sheep or goats with highly purified 
rabbit IgM, was also reported by Klein et al {1970), and 
by Seed et al (1969). Absorptions were performed with 
purified~macroglobulin (Klein et al 1970) or with a 
commercial prepar~tion which is now no longer obt~nable, 
(Seed et al 1969). 
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As non-specific antiserum resulted from immunization with 
195 IgM it was suggested that purified monomeric or oligomeric 
IgM fragments might be more successful for purposes of 
antiserum production. Their separation from oc...macroglobulin 
could be performed on the basis of size. In the present 
studies both cysteine and mercaptoethanol IgM reduction 
resulted in heterogenous products, ~he separation of which 
was unsuccessful. The production of lgM reductiori inter-
mediates has frequently been reported, particularly in the 
case of mercaptoethanol reduction (Miller & Metzger 1965, 
Che~bro & Svehag 1969, and Frank & Humphrey 1969}. lgM 
A 
reduction was, however, successfully carried out with 
2mM dithiothreitol (DTT) and although both monomeric and 
oligomeric lgM forms were produced, separation was obtained 
by density gradient centrifugation. 
Parkhouse (1975) reported the re-aggregation of the IgM 
subunits (IgM5 ) and HL subunits formed after pa~tial reduction 
with DTT, through the formation of non-covalent bonds. When 
an oligomeric structure was present, non-covalent forces 
between it and IgM subunits caused the formation of 195 IgM 
or even larger aggregates. 
It is well known that the last bonds to be formed in the 
synthesis of IgM are the first to be reduced, and are those 
bonds between the individual IgM monomers. (Bevan et al 1972}. 
On the basis of this it is thought that incomplete IgM 
reduction with mercaptoethanol and cysteine resulted in the 
presence of both oligomers and monomers, from which 195 IgM 
could have been formed by non-covalent bonds (See Fig. 16). 
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Because of the results obtained by DTT reduction of rabbit 
serum, in which ~macroglobulin was apparently reduced and 
the inability to locate the reduction products, monomeric 
IgM was not used for the production of anti IgM serum. 
Traces of ~a. macroglobulin might have conta....;ninated the 
75 fraction. The disappearance of O(a.. macro globulin in 
serum, does not necessarily imply destruction of possible 
minute amounts contaminating the "purified" IgM. Since 
0(2. macroglobulin consists of eight polypeptide chains 
(Putnam 1975), which on reduction form dimers, there is a 
strong possibility that reduction of the molecule would 
occur. Nielsen (1976) however, reported no reduction of 
«').. macroglobulin with O. 2M mercaptoethanol. He produced a 
~ chain specific antiserum by immunizing animals with 
monomeric IgM, and subsequently absorbing the antiserum 
with glutaraldehyde-polymerized 75 serum proteins 
obtained from gel filtration. 
Future attempts to prepare a monspecific anti IgM serum 
should include immunization with both 75 and 13.45 IgM 
preparations obtained by mild DTT reduction, since this 
treatment may not reduce ~ macroglobulin. Alternatively . a. 
semi-purified IgM could be treated with SM urea~ in order 
to dissociate ~~macroglobulin to subunits with sedimentation 
rates extending down to 95, which could then be removed by 
gel filtration (Schultze & Heremans 1966}. Since 5M urea 
can dissociate oc~macroglobulin into smaller subunits, a 
fact which was unfortunately not realised at the time when 
serum lgM concentration determinations were being carried 
out, accurate 195 lgM concentrations could have been 
determined by analytical ultracentrifugation. 
146. 
A third possibility could be considered, namely that of gel . 
filtration of partially pure IgM on a Biegel column of 3 
metres on which ~~macroglobulin can be separated from 
.e 
IgM (Chesbro &. Svehag 1969i 
. ~ 
In summary IgM was purified by a combination of euglobulin 
precipitation, gel filtration and zone electrophoresis. 
The goat antiserum produced after immunization with this 
~ gM, rea~te_d not only_ with IgM b_ut also with °'2 macro globulin 
and with /3 lipoprotein. Absorption of these antibodies 
from the antiserum was unsuccessful. Further preliminary 
-
attempts were made to purify IgM by PEG precipitation, but 
low IgM yields prevented further antiserum production. 
Attempts to purify monomeric lgM, after 195 IgM reduction 
were successful, but goat immunization with this lgM was 
not tried. 
B. IMMUNOGLOBULIN LEVELS. 
The results of preliminary· studies by quantitative immune-
electrophoresis on the IgM concentrations in the sera from 
infected rabbits supported the findings of Klein et al (1970) 
that the IgM concentrations in T. eouiperdum infected rabbits 
are greatly increased at the peak of the infection. However, 
as there are inherent inaccuracies in quantitative immune-
electrophoresis, and.as it is difficult to detect the end-
poi~t, these preliminary results were considered as no more 
than a general indication of macroglobulinaemia. 
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possible that storage conditions used in the present studies 
were more prolonged and extreme than those cited above. 
The IgM levels determined in the freshly collected rabbit 
sera by both rocket immunoelectrophoresis and gel diffusion 
were of a similar order of magnitude to those repo~ted in 
previous studies of various trypanosome infections, 
(Mattern et al 1963, Masseyeff & Lamy 1966, Houba et al 
1969, Capbern et al 1974, and Clarkson et al 1975). 
Frcmmel et al (1970) using radial immunodiffusion tests 
showed in rabbits infected witb T eguioerdum an elevenfold 
increase of IgM at day 21 over the normal level. In the 
present studies (Table 5) an approximate tenfold increase 
w~s found. 
Klein et al (1970) determined the concentration of IgM in 
rabbits infected with T.eguigerdum by an indirect method; 
i.e. the OC,.macroglobulin content, measured by radial immuno-
diffusion, was subtracted from the total macroglobulin 
content, derived from 195 ultracentrifuge diagrams. 
The 195 IgM increased from an average normal level of 
l.3~g/ml to a maximum concentration of 7.9mg/ml after 20 days, 
which corresponded to a sixfold increase. These results 
agree with those in Fig 26 despite the fact that the 
concentration of t>o!
1 
macro globulin was not· subtracted from 
the total 195 content. 
Attempts to measure the ~macroglobulin concentration in 
the Model E after IgM reduction, in order to obtain accurate 
195 IgM determinations, were unsuccessful, owing to the 
denaturation of ~1 macroglobulin. Further studies on the 
quantitation ••••• / 
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quanti tation of Of.,_ macro globulin and 195 IgM should be 
conducted by selectively dissociating the «~macroglobulin 
with SM urea. 
Although the presence of IgMN in the sera from infected 
patients and animals has been reported previously, no 
satisfactory concentration determinations have been published. 
Frommel et al (1970), using a semi-quantitative estimation, 
with artificially produced monomers as a standard, found that 
75 IgM was less than 5% of the total IgM level. Considerable 
difficulty is experienced in measuring IgMNsince quantitation 
after the separation of 195 and 75 IgM (IgMN) results in 
reduced concentrations owing to inevitable lgM denaturation. 
The alternative electrophoretic technique of quantitation 
are not easily standardized since the artificially produced 
IgM monomers (IgM 5 ) used as reference proteins, are more 
negatively charged than pentameric IgM, but less negatively 
charged than naturally occurring IgMN. (Hansson & laurell 
19 70) • In techniques such as racket immunoelectrophoresis, 
where peak height is proportional to antigen concentration, 
the difference in electrophoretic mobility between IgM 5 and 
IgMN could cause considerable error, and for this reason 
no accurate 75 IgM determinations were attempted in this 
study. 
The concentr~tions of I~G in infected rabbits have been 
reported to rise from an average of 13mg/ml to a maximum 
of 39mg/ml (Klein et al 1970). Frommel et al (1970) however, 
reported a somewhat lower preinfection concentration of 
6.6mg/ml which is in close agreement with that obtained in 
this 1rJork. IgG levels determined by double innumodiffusion 
(Fig. 26) rose from an average 6.7 mg/ml before infection 
to a maximum of 50 mg/ml. 
J.jU. 
It is interesting to note that Klein et al (1·970) reported 
that IgG levels rose 5 - 10 days after the IgM increase, 
whereas in Fig. 26 both IgG and IgM increase almost 
simultaneously. 
In conclusion a tenfold increase in the level of 195 lgM 
in the serum from trypanosome infected rabbits was found, 
by gel diffusion. Attempts to measure the 75 IgM 
concentration~ accurately were unsuccessful, owing to the 
difficulty in standardizing rocket immunoelectrophoresis. 
IgG concentrations in .infected .rabbi ts were found to rise 
simultaneously with the IgM to a maxi~um of 5Dmg/~l 
corresponding to a 7t fold in~rease. 
C. THE ABSENCE OF RHEUMATOID FACTORS (RFs) 
The presence of rheumatoid factors in sera from patients 
with trypanosomiasis caused by T. gambiense and T. rhodesiense 
has been described by Klein and Mattern {1965) and by Houba 
and Allison (1966), the frequency of the detection of 
significant levels of RFs varying from 2 4.5% by the latex 
fixation test. As outlined in Chapter II, rheumatoid factors 
have also been detected in rabbits infected with T. eguiperdum 
(Klein et al 1970) but not in mice infected with T. gambiense, 
T. rhodesiense or T. brucei. Houba et al (1969)also failed 





Latex and Waaler-Rose titres in sera from rabbits 
infected with T. eguiperdum {Klein et al 1970) 
Reciprocal Reciprocal 
Days Reciprocal Waaler- Waaler-
Rabbit after latex Rose Rose titres 
No.a infection. titres. titres. unsensitized 
Rabbit 13 
( 3 0 < 7 2 < 2 
out of 5 < 7 2 <: 2 
13 10 112 n/d n/d rabbi ts.) 
20 224 .64 32 
25 224 4 8 
56 < 2 <2 
Rabbit 3 
( 3 0 < 7 64 4 
out of 4 <7 32 B 
13 
rabbi ts.) 10 28 64 a 
15 112 a B 
20 112 4 4 
Rabbit 2 
( 7 0 7 <2 ..:: 2 
ou't of 6 28 <2 <2 13 
rabbi ts. ) 12 7 <2 ..:::: 2 
17 56 <2 <. 2 
22 56 <2 <.2 
27 56 ..::.2 c:.2 
a. Rabbit numbers in brackets indicate a similarity in 
the overall pattern of results. 
Furthermore it is interesting that although Klein et al 
(1970) reports the 11 predilection 11 of their. rheumatoid 
factors for a heterologous substrate ie. human IgG in 
latex fixation, no comparable latex fixation studies were 
conducted with the homologous substrate, ie rabbit gamma 
globulins. In the Waaler-Rose test, however, human 
erythrocytes were sensitized with rabbit gamma globulin, 
and it was on the basis of a comparison of these results 
153. 
with the latex fixation results, that the conclusion of the 
rheumatoid factor predilection for a heterologous substrate 
was drawn. In view of the disc~epancies frequently found 
between the Waaler-Rose results and the latex fixation 
results (Grieble et al 1969), the validity of this 
comparison may be questioned. 
The latex fixation and passive haemagglutination results 
presented in this thesis do not su~port the claim of 
Klein et al (1970) that T. eguiperdum infections in the 
rabbit consistently lead to the production of rheumatoid 
factorso Despite the use of a variety of sensitizing globulins 
and attempts to dissociate rheumatoid factor aggregates and 
to detect rheumatoid factors in the cryoglobulin fraction 
of the sera, results remained consistently negative. 
The most likely explanation for the occurrence of rheumatoid 
factors in patients with trypanosomiasis (if indeed the 
frequency of rheumatoid factor occurrence is significant} 
but not in trypanosome infected expe±imental ariimals is the 
nature of the host-parasite relationship. 
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It may be relevant that T. qambiense and T rhodesiense 
circulate freely in both the blood and cerebrospinal fluid 
of the patient whereas T. eguiperdum is ~ainly a tissue 
parasite and its localization may be less favourable for 
the stimulation of rheumatoid factors. 
In conclusion rheumatoid factors were not detected in 
Tw eguiperdum infected rabbits by latex fixation, nor 
by passive haemagglutination despite the use of a variety 
of sensitizing antigens. From the preceding discussion 
of the results of Klein et al (1970} it is clear that 
the significance and validity of their results are 
questionable. 
D. ANTI - TRYPANOSOMAL ACTIVITY OF IMMUNOGLOBULINS. 
Despite the large and persistent increase in IgM in 
trypanosomiasis only a small proportion of the IgM is 
specific for trypanosome antigens (Masseyeff 1969). 
In fact the IgM fraction has also been shown to contain 
significant concentrations of autoimmune antibodies 
against rabbit tissues and heterophile antibodies (Houba & 
Allison 1966, Seed & Garn 1967, Houba et al 1969). 
The presence of anti-trypanosome activity in the IgM serum 
fractions has seldom been investigated, but in all cases 
the titres were low compared to the extent of the macro-
globulinaemia (Takayanagi & Enriquez 1973). Seed et al 
(1969) reported that the IgM fraction of serum from 
infected rabbits contained antibodies agglutinating 
T. gambiense, at a maximum titre of 
1
/512 on the twelfth 
day after infection. 
156". 
In the present study, IgM anti-trypanosome antibodies were 
not detected by immunofluorescence (Fig.34), in rabbits 
infected with T. eguiperdum but IgM anti-trypanosome 
complement fixation tit±es of 
1
/640 - 1 /1280 and agglutination 
titres of 1 /640 
1
/1280 were observed. It is interesting 
to note that the agglutination titres were higher than those 
reported by Seed et al (1969),and the complement fixation 
titres higher than those reported by ~attern et al (1961). 
The complement fixation titres are also greater than those 
obtained against tissue antigens (fig. 35), so that although 
not all of the IgM can be accounted for by the anti-
trypanosome activity, perhaps a more significant proportion 
of IgM is ~rected towards the trypanosome antigens than 
previously thought. 
The IgG anti-trypanosome activity measured by agglutination 
was reported by Seed et al (1969), to reach a maximum titre 
of 1 /32 at day 12. In the present work IgG anti-trypanosome 
titres of 1 /40 and 1 /320 at day 13 were determined by 
immunofluorescence and complement fixation respectively, 
whereas maximum titres of 1 /80 and 1 /1280 were observed 
at day 17. It is questionable, of course, whether a 
comparison between the results of Seed et al (1969) obtained 
with T.gambiense and the present work with T.eguiperdum is 
truly justified, since the two organisms differ in their 
effect and circulation of the animal. 
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An alternative explanation for the discrepancies between 
the anti-trypanosome activities in T gambiense and T eguiperdum1 
infections is the phenomenon of antigenic variation. It 
is well known that there is a sequential variation of the 
variant antigens in trypanosome infections, so that 
discrepancies in the level of anti-trypanosome antibodies 
could result from the nature of the variant antigens used 
in the assays. The decrease in anti-trypanosome antibody 
titres observed after day 17 (by complement fixation tests 
with a standard antigen preparation, Fig.35), despite the 
persistent macroglobulinaemia may be interpreted as the 
result of antigenic variation. For an accurate and 
unambiguous comparison of the anti-trypanosome response 
between different infections, anti-trypanosome antibody 
assays should be performed with purified trypanosome 
variants. 
Evidence on the role of antigenic variation as the ca~se 
of macroglobulinaemia in trypanosome infections is 
inconclusive, since only a relatively small proportion of 
the lgM is specific for the trypanosornal antigens. 
However, investigations have not been made with the purified 
variants, a study which is clearly needed in order ta 
determine, finally, the role of antigenic variation in 
the cause of macroglobulinaemia. 
In summary, anti-trypanosome antibodies were detected by 
immunof luorescence in the serum and 75 serum fractions of 
trypanosome infected rabbits. Althaggh IgM anti-trypanosome 
antibodies •••• / 
15/. 
antibodies were only detected by agglutination and 
complement fixation, the titres were in excess of those 
previously reported. Two explanations for the discrepancy 
between the antibody responses have been discussed, namely; 
i) the effect of different infecting trypanosome species, 
and 
ii) the effect of antigenic variation. 
E. AUTOIMMUNITY TD TISSUE ANTIGENS. 
A number of recent studies have shown that autoantibodies 
are present in the serum of rabbits infected with 
T oambiense (Muschel et al 1961, Seed & Garn 1967) 
T rhodesiense (Muschel et al 1961), T congolense 
(Mansfield & Kreier 1972a) and T brucei (Boreham & Facer 1974, 
Mackenzie & Boreham 1974). A discussion of these studies 
has been outlined in Chapter II. The antibodies were shown 
to be of IgM nature, and to react with rabbit liver, 
heart, brain, spleen and kidney tissue as well as with 
a fibrinogen component. The rabbit is also known to 
possess natural autoantibodies which are thought to be 
responsible for the removal of debris{due to cell death} 
present in the circulatory system. (Kidd & Friedewald 1942, 
Rose & Brinckerhoff 1969). 
Natural autoantibodies are present at lower titres in 
the sera than those observed in the diseased states. 
15S 
In the present investigations IgM autoantibodies were 
detected against rabbit liver, heart and kidney tissues 
in rabbits infected with T eguiperdum. The antibody response 
was greatest to liver antigen, with the least response to 
heart antigen. 
Tcsulb 
These do not agree with those of Mansfield 
"' 
& Kreier (1972a) in which the antibody response to heart 
was greater than the response to kidney, in T congolense 
infected rabbits. 
Serological cross-reaction of tissue components and 
tryp~nosomes was excluded by absorption studies, the 
I 
(1974).1 results of which agree with those of Mackenzie & Boreham . ! 
Furthermore since similar complement fixation results were 
observed with both diseased and normal tissues, it is 
clear that the effective antigens were not of trypanosomal 
origin. Cross-absorption studies with the various tissues 
were not carried out in this investigation, but results by 
Mackenzie & Boreham (1974)-indicate the occurrence of 
common antigens. 
The possible reasons for the induction of autoantibpdies 
in experimental trypanosorniasis have been discussed in 
Chapter II. Since the tissue antigens to which the-auto-
antibodies are directed,cross react it is quite possible 
that the autoantibody response is essentially of a non-
specific nature, perhaps stimulated by minor tissue damage in, 
for example, the liver. It is well known that autoantibodies 
. . 
to both native collagen {Andriopoulos et al 1975), and 
denatured collagen (Mich~eli ~ Fudenberg l974) may occur 
in rheumatoid arthritis, a disease which shows many similari-
ties to trypanosomiasis. In fact it appears that the 
antibodies arise in res~onse to the destruction of 
connective tissue ••• / 
! 
connective tissue in the inflamed joints, and thereafter 
react with collagen both denatured and native. It seems 
likely that the trypanosomes cause minor tissue damage 
after their invasion of the tissues, in the early stages 
of the infection. After the initial damage the antigens 
released may be comma~ to many tissues. In the case of 
those trypanosomes invading the circulatory system eg 
T. ga~biense it is possible that antibodies are first 
formed aga~nst denatured fibrinogen, and therafter 
react with released tissue antigens. 
159. 
However, an alternative suggestion was made by Greenwood g WHtf1LE 
(1975) on the grounds that they detected free light chains 
in human trypanosomiasis, namely that, trypanosomes exert 
a non-specific mitogen effect. This hypothesis finds 
support in the large and persistent increase in IgM in 
trypanosome .diseases, particularly in view of the fact 
that not all the IgM is directed against the trypanosomes. 
If the trypanosomes act as a mitogen, then the production 
of tissue autoantibodies may be explained on the basis of 
the stimulation of those antibody clones producing the small 
concentrations of nat~ral autoantibody observed by Kidd & 
Friedewald (1942). 
Clearly investi~ations into the possible mitogenic effect 
of trypanosomes are required in orde~ to draw _any final 
conclusions concerning the cause, both of the increased IgM 
response, and the production of autoantibodies in trypanoso-
miasis. 
Preliminary expeEiments ta investigate the mitogenic 
effect in rabbits infected with T. eguiperdum were 
designed, but the results were inconclusive. Rabbits 
were injected with bovine serum albumin and after 
160. 
varying periods of time, injected with a lethal dose of 
trypanasomes. The 195 serum fractions were ·then monitored 
by complement fixation, far the production of anti-bovine 
serum albumin antibodies. An increase in the anti-BSA 
antibody titres after trypanosamal infection by comparison 
with uninfected rabbits injected with BSA would have 
indicated the likelihood of a mitogenic effect. Owing 
to the lack of anti-BSA titres in the ~abbit sera no 
conclusion could be drawn on the mitogenic effect of 
trypanosames. 
This mitogenic effect seems to be the mast suitable 
e~planatian for both the persisterit increase in IgM"and 
the production of autoantibadies in experimental 
trypanasomiasis.* 
In summary autoantibodies were observed in T. eguiperdum 
infected rabbits against liver, kidney and heart tissues. 
The antibody responses were greatest to liver, and least 
to heart antigens. No serological cross reactivity 
between trypanosamal antigens and tissue antigens was 
observed. A possible explanation for both the persistent 
macroglobulinaemia and the proiliuction of autoantibodies 
is that trypanosomes exert a mitogenic effect. 
* Nate added in Proof. 
A recent demonstration that trypanosomal antigens have a 
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